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Abstract 

Photonic technology has capability to fulfill increasing demand of 
the telecommunication services in the near future. The electronic 
header replacement in Optical Switches has been the main hitch 
in optimum use of this technology. Several efforts are being made 
to avoid the use of electronic header replacement and go for op- 
tical header replacement resulting into development of all-optical 
switches. In all kind of switches the header replacement is done 
before the actual switching. 

In this thesis, we conducted a survey on methods of optical 
header replacement. Further, as an innovative approach, we pro- 
pose the integration of header replacement and switching. For this 
purpose a method of header replacement based on two SOAs con- 
nected in parallel, and a WDM switch based on Fiber Optical Loop 
Memory (FOLM) has been considered. The proposed scheme leads 
to saving of an SOA for each channel, but the minimum delay of 
the packet in the switch increases. Using the computational models 
of different components of loop, the noise analysis of the proposed 
scheme is done. It leads to the conclusion that the proposed scheme 
can not be used efficiently for ") or more channels because in this 
case maximum o rotations are allowed in the loop. Also in case of 
different input powers to different channels at a time, the channel 
with least input power has lowest SNR and if this input power is 
too low then signal will have to be rejected due to low SNR. 
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Chapter 1 
Introduction 


In th(' iKMi till UK' the (lemaiul ioi vauous kind of toku ouiuiuuKvitiou sc’i- 
M((-'s IS 1)01111(1 to iiuK'asc These seivu('s liavi' diffc'K'ut c]uali1\ leciiuu'iiK'iil 
{le'])eucliuf>, upon iIk'ii natuie The Idea (o ])iovid(' tlii'ni thiouf;h a sniffle 
uetwoik IS K'sultiiifi, into d(-'V('loj)meut of Bioadbaiid luU'matc'd Seivn t's Dif^- 
ilal N('tAvoik (TUSDN) Mam ie(iuiiemen1s foi BISDN aie \vid(' bandwidth 
hif^h s])e(-'d and fast switchin}>, wliuh ai(' diffn alt to meed with eks tioiiu tc'ch- 
nologv. PhotoiiK technology has capalnlity to fulfill these' leeiniK'iiK'iits rind 
pies('iith nniiu'ions eHoits aie being made to ('xploit it 

Optical libel has aheadv n'pLued (ables ris tiansmissioii iiu'dia loi lh(' 
most of the long distance (Wide Aiea Ne'twoik (WAN)) as well as shoit 
distance (Mi'tiopolitan Aic’a Netwoik (MAN). Local Aic'a Nc'twoik (LA.N)) 
networks But at switc-hmg node's still the' ('Ic'c-tiome tc'chiiologv is lic'ing 
nsc'cl Oplnal to c'lectiKal and c'k'c-tiic al to ojitical c onvc'ision at ultiri high 
l)it latc' (> 10 Ckp.s) IS difhcult Thc'ic'foic' optic'al switching is attiaciive 
Use ol o])li(al switching will make it possible' to have' iiltia high bit lati's in, 
o])ti(al fibc'i tln'ic'bv utilising tlm available' e apacify Hc'iiec' a lot ol woik is 
bc'ing done' to devc'lo]) all-optical switehmg tc'c Imieiuc's. 
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1.1 Different Kind of Switching 


TIk’K' ru<' tliK'c kind ol swit(huif> naiuolv (iKUit switdimg. pai k(i switdiing 
and iiK'ssaf^c s\\itdniif> |1| TIk' thud oiu' vi/ m<'s.saf>(’ switdinif* can hi' pin 
with packet s\\iidnnf>, Ix'iaiise tlu' inessagi'.s aie geiu'iallv Inokeii inlo snudl 
jiadci'ts so tlifil tlie liaiuhvidtli can hi* iiseil efhi leiitlv 


1.1.1 Circuit Switching 

In tins s( heme t hi' ('iid to I'lid plivsu al path is ('stalilislK'd het.wi'i'ii ch'signalc'd 
useis Thi'ie au' thiei' jihasi's in this sdieine The ( oiini'i t phase in wliii li 
th(' path IS estfihlishc'd the tiaffie pliasi* in whidi pavload data is si'iit and 
dis( onneet pliase in which tin* path is di'-esl ahhshed Heu' dniiii|> tiaffu 
jiliasi' tlii'K' max he instants wlii'ii no iiiloimation is hi'iii}^ tiaiismilli'd. 'riu'si' 
instaiues aie known as dead time As shown in Fif>,nie 1 i in tins sehenu' 
the (all i('(|uests au' nsnallv (piened at a snigh' switch eoiitiollei ^^'hen 
cpiene gc'ts hlled the' nieoinnig calls aic' lost Tims it has a non/c'ro hlo(kinf> 
piohahilitx An ('xainple is POTS (Plain Old Tc'lc'phonc' Sc'nices) 


Call requests 1 1 


call request 
queue 




/ 


I 


overflow 
call blocked 


G 

Poit I 


Call controller 


-o 


Port 2 


Figiiie 1 1 Cnenit Swit.dnng 
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1.1.2 Packet Switching 

In pa(k('t swildnuji, luioimation to 1)0 tiausuiiltc'd is biokoii down into i)a( k- 
('ts Each packet is piovidod with a hoadcu Eadi packet is indc'pc'iidenth 
tianspoitc'd to dc^stniation using the inloiniation piovidcal in thc’ licvidei 
The' iiitc'iinc'diate nodes use the hc'adcn inloimation and switch the jiac ket 
to appiopiiatc' outiint Each link in jiackc't switehed nc'twoik inav bc' shaic'd 
acioss mam concuiic'iit c oiinc'c tioiis connecting to diffeic'iit jilaces Tims 
packc't switching is not piotocol tiaiispaicnit while the ciicmt switching is 
Heie also packets aie ciucuic'd up in biiflc'is at c'ach node Due to hnitc' si/e 
of Imffc'i theic' is alwvns a iioii/ceio piol)abiht\ of packet loss at each biiHei 
Packet switcliing is most suitable loi BISDX, bc'caiisc' mfoimation fioin chf- 
Ic'ic'iit some c's c ,ui bc' biokc'ii into packc'ts and tiansmittc'd This givc's c'ffic unit 
utih/ation ol a\ailablc' bHiidwidth 


1.2 Asynchronous Transfer Mode (ATM) 

ATM IS widc'h <ic c c'ptc'cl as a kew c omponcnit ol BISDN It pii)\ idc's tc'c liiiic al 
capability to handle' any kind of iiifoimation yoic-e, yidc'o, data and text in 
an mtc'gial.c'd maiinen It is a c-oniic'c-tion oiic'iilc'd fast jjackc't switc-liing tc'eh- 
mcpic' The' inloimation is oigamsc'cl in fixc'd li'iigth pac-kc'ts c allc'd ec'lls wliic h 
c'onsists of a he.ulc'i and usen mfoimation fu'lcl. The' small c c'll si/c' ic'diic c-s 
t.hc' paekc'tisatum dc'lay and also pioyidc's high flc'xibility foi c'lfc'ctnc' use' ol 
bandwidth Fuitlicn thc' hxc'd cc'll si/e ic'diic'c's the' swntch dc'sign comiilc'xity 
|21 

The tianslc'i mode' iisc'cl m ATM nc-'twoik is asynehi oiioiis mode' i c' ATM 
usc's asynchionoiis time' diyisioii mult iplc'xmg Asynchionous TDM aclnc'\c's 
high thioughiiiit and c'ftic ic'iicw by statistic ally multiplc'xmg c c'lls bi'loiiging to 
diffc'icnit coinic'c-tions. The basic tiaiispoit stinc-ture in ATM is syne-hioiious 
Thc'ic'forc' c'acli link caiiic's the slots Thc'sc' slots aic' oecuiiic'd by c c'lls syii- 
e-liionoiisly 
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SouH' aihri 111 rial's of ATM au' 


• 111 ATM tlu'K' IS no s('paiat(' signalhiif; (haniii'l as u'ciunccl in (luiiii 
switdu'd iK'twoiks 

• Tins ])io\ nil's ffi'xilnhtv in ai i onninnlataon of ilivi'isc apj)]!! alions 

• Small liM'd sizi' (i'll also inaki'S it [lossihlc to contiol di'kn loi dclav 
si'iisilnc si'ivKi’s 


1.2.1 ATM Cell Structure 

An ATM ( ('ll has od hvti's Of tlu'si' 3 bvti's aic' nsi'd foi hi'adi'i and 48 hvti's 
ail' iisi'd loi inloi Illation iiavload |3l Hi'adi'i i ontains niaiiv infoi iiiation firlds 
liasi'd upon wliiili t i'll is switi lii'd in lu'twoik 


5 bylcs 
Hcaclei 

FiguK' 1 2 


C 


48 bylcs 
Payload 

C'll StlUi tUK' 


1.2. 1.1 ATM Header Structure 

Till' (h'Sign of (('11 lu'adc'i in packed switilung is ini])oitant as it governs 
louting and swildiing of jiada't in iK'twoik Since' switdiiiig in ATM has to 
b(' peufoiine'd in lowe'i lave'is using hardwaie', ATM use's ve'iv siiiiiih' lu'adi'i 
ele'sign The' sliuetiiK' of ATM Imadc'! is shown in Figuie 1 3 |3| 

N'aiious lit'ld 111 A-TM he'aele-'i aie' as follows 

• Ge'iK'rie Flow (’ontiol (GFC) This is 4 bit fie'lel , pie'se'iil only at I'se'i 
Ne-'twoik liite'iface' (UNI) It is used to aibitiate' usage' be'twe'C'U multiph' 
teiininals shaiing the' same' physical eonne'etion 
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1 


GFC or VPI VPI 


VPI VCI 


V( 


VCI 

PT CLP 

HEC 


Fif>,ui(' 1 3 StnutuK' 


3 

4 

5 


• \'utnal I’.ith I(l('utifi('i (\TI) It ic'lls tlio viitnal }>atli iiuitihoi foi 
(■(’11 N’lilual paths aic uh('(1 to swildi the (('11 tluoiigli lii^li l('V('l ( loss 
(oiiiH'c tioiis ‘It IS 8 bit fi(’l(l at Us('i Nh'lwoik Int(’i(a,((’ and is iiic u’asi'd 
to 12 bits <il X('l\v()ik Xctwoik Iiilcilad’ (NNI) 

• \’iitnal ChaiiiH’l Idi’iitihi'i (^'CI) II ])iovi(lt^s tlu' viitual dianiu’l iiuin- 
b('i of 1b(' (•(’11 A viitiial path coinK’dion caiiK’S a buiidh’' of oiu’ oi 
iiioK’ Mitual diaiuK’ls - 

• Pai lo<ul Tv])(’ (PT) This 3 bit h(‘l(l is used to iiidicati’ tlu' }>,(’ii(’ial t\ p(’ 
of data 111 th(’ ( (’ll Typical us(’s of this h(’ld ai(’ to uh’utih maiiiti’iiaiK (’ 
(•(’11s ( ()iif><'sti()ii conditions oi IIk’ last c(’ll of a iiiulti-c(’ll m(’ssaf>,(’ 

• C(’ll Loss Pnoiifv ( CLP ) It IS a oik’ bit fn’ld giviiif* iiifoinnition about 
cell loss iiiioiity '0' i(^ines(’iits hi|>h priority and 'P K’picsi’iits low 
piioiili ('{’11s with low piioiitv (an Ix’ (hopp(’(l in ( as(’ of coiigi’stion 

• H(’a(l(’i Liioi C'ontrol (HEC) This 8 bit h(’ld piovuh’s a ( liccksuin ovei 
th(’ (('II h(’a(l(’i (but not mdudiiig CFC if anv) using ('R(' ( od(’s It 
(an also (oiK’d oik’ bit (’rioi HEC is also iisi’d to (h’liiu’ati’ th(’ ((’11s 
1 (’ to id(’ntifv the cell stait and (’iid iii a sviit hionous stieaiii 


'S(’(’ ,s(’( turn I 2 3 
.s(’( tion 1 2 3 


o 



1.2.2 ATM User to User Communication Model 


ATM c‘()iiii('( t ion l)etw('('u two usois loiisisls of tli(' usc'is rft tlii' ('iid ])ouit.s 
(Uul int('iiJH'(hal(' swit( Imig nodes (Fif^uu' J 4) |2| In t.lu' ( oiuuh tioii two 
( ons('( utiv(' s\Ml(lnng node's ai(' eonneete’d tliiougli pliNsical liidv 


Usci 1 Usci 2 


ighci Lc\cl' 


Highci Lc\cl 

AAL 




AAL 

\TIVI 


ATM 


ATM 

Phvsical 


PhysiLal 

Physital 






FigUK' L 4 Us('i to Usc'i CoiiinmiiKation Mode'l 


1.2. 2.1 Physical layer 

Th(' plivsK al la^('l is subdivide'd into two suhlavi'is nainelv Pin sic al Medium 
(PM) and Tiaiismission Conveigence (TC) suhlaveis Thc’u (unctions aic' as 
follows 

PM sulibnc'i doc's the' following 

• Bit tnuismissioii e apabilit.v including bit aligiiiuc'iit 

• Elc^e tiic al to ojitical and optical to c'lc'c-tiic'a.l c onvc'isions 

• Lmc' c oding dc'c-odiiig 

Tr siiblayc'i doc's the' following 

• Cell dc'linc'atioii to ic'covei cell bouudaiii's 

• HEC gc'uc'iatioii and clu-*cking 

• Gc'iic'irit mil and ic'covc'iv of traiisiiiission fiaiuc's 
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• Ti<»iisunssH)u h.mi(' adoption 


The plivsK al la\('i ie( oives (-('lls fiom ATM lavoi transmits tln'iii on plivsic al 
iiK’dimii Siniilail\ coll loccw'd fioiii plivsnal layei aio sont to ATM Lnoi 

1. 2.2.2 ATM Layer 

ATM lavci int('itaces with pln'su al lavei and ATM Adaptation Lavc'i (AAL) 

It mt('ia(ts \Mtli plivsK al lavc'i tliioiigh a plivsK al soivico a( ( oss point usinf>, 
tlu' i('([U('st aiul ludicaU' iniiuitivos hit ('i act, urn with AAL is tln()Uf>,h ATM 
s('i \ u (' ac( css ])()mt 

ATM lav(M dcx's tlic lollowiiig 

• Cell headt'i fi,eii('iation and extiaction 

• RontiiiK cells using \'CI and \'PI hc'Ids 

• Cc'll mult iplc'xuig and demultiplexing 

• Flow (oiitiol at t.lie Usc'i Nc'twoik Inteilacc' (UNI). 

1.2. 2. 3 ATM Adoption Layer (AAL) 

This lavei takes c aie ol vaiious kind ol seivic es to lie ofieied In VI'M network 
Since' ATM nc'twoik aic' siipposc'd to piovidc' vaiious kind ol sc'uicc's tlic'ic' 
aic' difleii'iit kind of A.A.Ls toi siippoiting c'ach ol thc'sc' .sc'ivicc's 

111 oidc'i to dc'hiie AAL leciuiK'iuents sc'ivicc' classification has hc'C'ii made' 
with irspc'cM to \aiial)l(' Int latc's, connc'c tioii modes and timing ic'latioiisliiiis 
Foiu classc's of sc'ivic-c-'s .-V, B. C. D have bc'en dc'finc'd to siippoit diffc'rc-'iit t\ pc's 
of tiaffic This classification and the conc'sponding .\.\L tvpc'S aic' .shown iii 
Table 1 1 




Class A 

Class B 

Class C 

Class D 1 

Tune' ( 'onstiaint 

Roqunod 

Not loepuic'd 

Bit Rate' 

Constant 

\aiial)l(' I 

Ckmiic'e tion Mode' 

Connc'etion Oiie'iite-'d 

Coiiiic'e tion Ic'Ss 

.MAL T\i)e' 

A.ALl 

.AAL2 

.AAL3 

\AL5 4 


'rtil)l(' 1 1 CLissific fitiou ()1 Scn'K (’s AALs 


1.2.3 ATM virtual channels and paths 

in ATM iK'twoiks llu' ( ouikm tiouh ai(' iiiaiiitaiupd 1a two ulc'ulifK'i sliiu- 
tuK's the \utual (liauiK'I i(l(>utih('i and \utual ])atli id('iitih('i TIua joint 1\ 
uU'iilifv cadi \ntual die nit on a link A viilual (haniK'l is a < oncept used 
to (k'sdilic nnidiici tional tianspoit of ATM colls assoi lati'd In a (oiniiiou 
unuiue id('ntili('i valiK'' (CCITT I 113) Tins uiikuk’ idontifn'i is \’C'I uliidi 
IS \alid in OIK' diiod.ion A virtual Path is a (oiuoiit iisi'd to di'sciilx' iimdi- 
H'ltional tiansiKiit ol colls bcdonging to \iitual c haiinols that aic' assoc latc'd 
1a a c oninion idc'iitifioi value'" (CCITT I 1 l-’l) This is \'PI wine h is also \ahcl 
in one' chic'c tioii |4| 

Mam Mitual clianiic'ls toiiii a viitiial jialli and niaiu viitual paths loiiii <\ 
tiausnnssioii path (Figiiio 1 o) A sot of \'C’] \’PI laliic' idontih the' e oinplc'tc' 
e onne'c-tioii hc't we'c'ii some o and dc'stination Whe'ii e c'lls aio swite hod at node', 
the' \’CI and \'[’l value's aio tianslatod to a nc'w value's The' table' o( this 
iiiaiiping IS inaintaine'd at e'adi swite lung node' bv tho iie'twoik iiianage'nie'iit 
Iiiiie t.ion 

1.2.4 ATM switching 

As ahc'aeh ine'ntioiu'd an ATM switch change's tho \'CI \'P1 value's of a 
ec'll lioadc'i bfisc'd n])e)n louting table and loiite's it fuithe'i 1a switching it 
to ajipiojni.ite' ])e)it .At a switch oithcn bot.h \’C'I and \"P1 \ .due's oi onh 
\'P1 value's aic' e-liangc'd Coiie'spondinglv thoio aic' ^'C and \’P swite lie's 
which change' both \’CI \TI oi emlv \’P1 le'spe'c-tive'lv Th('\ aic' slicAvn in 
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Fif>,ui(' 1 .") AT^[ Ti.iusmissiou 


Fif>ui(' J G II IS iiii])oit,fUil to note that ((’lls assoc latc'cl with a [)a,iti(ulfU 
\'C'I \TI \alu(' m a (c’ll Ik-^hcIci aic' tiauspoitc’cl along the path so th.it 
( ('ll SC'CllK'llC (' IS piC'SC'lVC'cl |4| 

1.2.5 Header Replacement: 

111 ATM switch node' a uc'w hc'adei is gc'iic'iatod with iic'w \’('l \'PI. (’LF 
value's at ATM layc'i This is usc'd to ic'jdacc' thc' old lu'adc'i iii the' cc'll 
Thc'ic'aftc'i HE(' is coinputc'd and placc'd in tlu' hc'adeu in physical lavc'i 
Thc'sc' function aic^ pc-’ifoiuic'd iK'foic' the* actual switching ]uo(C'ss Bc'foic' 
the' ic'plac c'liic'iii of hc'adc'i the' switching nodi' staits kc'c-'iniig the' tiae-k o( 
ec'll till it IS suite he'd to output pent This makc's the' switching ch'e ision 
iiidi'pc'iidc'ut of iic'w hc'adc'i. 
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VC4 

VC^ 


VCl 

VC2 


Fif>uio 1 6 ATM Switch 


1.3 Objective of the Thesis 

111 this woik ail ('ftoil has Ix'i'ii inach' to invest ij>,at(' possihilitN ol uit('f>,ialu)ii 
ol optical licatlci K'phu ('iiu'iit iiK'cliamsiii and optual swit.diiiif; Foi this 
puipose hist inloiiiiatioii on optnal IkmiIci K'placciiK'iit has lici'ii (olh'itc'd 
Then possil)ilit\ ol iiitcgiatioii ot diffoioiit mot hods ol optn al IkmcIi'i i('])lac('- 
iiK'iit with an ojitual switch has boon (oiisich'iod Fmallv toi the now switch 
aic liitca tuic' c oiiiputat.ioiial noiso analysis has liocni done' 


1.4 Organisation of the Thesis 

Cliaptoi 2 tc'lls \aiicnis issue's iii switcluiifi, It also givc's an ovc'iviow of opti- 
c-al switching; tc'c hnolo{>,ic's Chapter 3 disc ussc's vaiious tc-'c-hnicpic's of oiiiical 
lu'adc'i lojilac-c'inc'iit It pioposc's the' dc'sif^n fen mtefi,iatiou of hc'adc'i rc'placc'- 
iiic'iit and switching It fuithc'i discussos its pios and cons Clniptc'i -1 gi\c's 
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uifith('iiiati< al iii()(1('1h of cliff cK'iit compouc'iits of loo}) It also matli('Uiat- 
i( al foiinulal ion of iioiso analysis foi the loo]) Using coiuputation losnlt the' 
pt'ifoiniaiK (' ol loop with hc-vulc'i icplac {'iik'hI nK'dianisni is gnc'ii in (hajitcn 
■) It IS (oinpaK'd willi tlic’ loop without licvulci leplac c'nient nK'dianisni 



Chapter 2 

Switching Technologies 


At swildmig llie \’CI ATI value's ait* u'acl honi the' lieadci ol iu< omuig 
( (’ll and oulgoiu^ link is (U'tc'iinuK’d hv a lookup talik' using A'C'I ATI values 
Tlu’ A'CI A'PI \alu('s ai(' iiixlah’d and (('11 is switelu'd l.o t,h(' outgoing link 
At anv switdinig node oik-' oi both id(’iitifi(’i (A'CI or ATI) ai(’ diaiige'd 
dep(’nding on wliethei it is a A'C oi AT switch The switdimg node' also 
allo(at('h (he A (' and A'P nuinbeis to am coniu'ctiou diiiing (ouiu'dion s('t 
up I’lK’se’ A Cl A’PI \alu('s aic’ ent(’i(’d lu loiitnig table at the tinu’ ol ( <dl 
s('t u]) and d(’let('d at the tiiiK’ of call tc'innnatioii 

Dc'Sign ol a swit.eh is affec t(’d bv vaiious fae tois A f('w ol t.lu’sc' ai(’ given 
below [5] 

• Th(' bit i<d(' ol tiaffie that flows thioiigh tlu^ switdi 

• Cong(’sliou 

• Dc’cision of pnoiitv of (('11s duiiiig eougc’stioii 

• Buff(’iing 

A simple' uio(l(’l of a switching node is shown in Figure 2 1 It (onsists of 
a switching labile piotocol niadiuie and I 0 niteifacc'S. Switching fabin 
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th(' swildiiiig ()1 (oils fiom iiKoming links to outgoiiifi, links II is nj) 
to a laigo oxioni a haidwaio stiiu fnio Tlio I 0 int('ifac(' poiloinis plnsn al 
l('\ol pK'piix ossnifi, and lioacUn foiiuatioii Tlu' conipleto ( oiitiol of swit( linifi, 
lal)ii( and 1 () nil('ifa((' is doin' bv piotcnol mac linn' It maintains (oinpk'to 
loutiiig tal)l(' Depoinliiig upon tlu^ K'qniioiin-'iits tin-' aic liitc'i tiiK' of tin' 
switdimg fabin iiiav ho of tliioo kind Sliaiod Momoiv aidiit('( tiiu'. SliaK'd 
M<-'dium aidnt('( tun' and Space Dovision aidiit('( tiiio 

Siiiiilaih tin' I)uft('img in switdimg fahiu nmv Ix' of tlnc'c' kind Ininit 
Biiff('iiiig ()iit])Ul Biitf(-'iiiig and IiitC'inn'diab' Bnffoiing Also nnxk's of iin's- 
sag(' tiaiisl('i nun Ix' of tliK'c' kind . Tilin' D('vision Mnltiplo A( ( c'ss (TDMAj 
\Va\('l('iigth Dc'xision Miiltijik' Ai< c'SS (WDMA) and C'od(' D('vision Mnlliph' 
A((('ss (('DMA) 


( Lisiomei Inieilacc # 1 



FiguK' 2 i Switdiing Nod(' 
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2.1 Architecture of Switching Fabric 

2.1.1 Shared Memory Architecture 

This <u(lutc( fuu' consists of a single^ dual poit mc'iiioiv module’ sliaic’d In all 
iiiimt and out{)nt polls Heip tlio me oming c c’lls aic' multiplc'xc’d into a single' 
stic^ani Milt t ('ll into the iiK’inoiy. lead out deniultiph'xc’d and tiansmitted 
to the output liiK's Th(’ mam diawback m this method is tlu’ iiu'uion ae ( ('ss 
tiiiK’ to snp])o]t th(’ both mcommg and outgoing (ells 

Th(’ iiK’niou (an logually lie oigamse’d into full shaiing mode oi paiti- 
tioimig mode’ In hist case th(’ eiitiie iiK'iuoiv is shaied bv all outimt and 
input poits and an aiiiviiig (C'll is dioppi’d only wIk’ii tlu’ iiu’moiv is full In 
th(’ s(’( 011(1 ( as(’ an iippi'i bound is imposc'd on th(’ iiumbei of ( (’Us waiting in 
th(’ (jiK’iK' ol ('adi outimt jioit and a ((’11 is dioppi’d if this limit is ii’aclu’d in 
a paiticiilai (iiu’iu' (’vc’ii if tln'ie is space in llu’ UK’uion Full shaiing picn ich’s 
a b('tt(‘i ((’11 loss piobability than the comph’tc’ paititiomug. b(’( ausc' of moK’ 
(’ff(’( tiv(' utilisation ol iiK’inoiv But this sdn’iiie is not fair at tunes wIk’ii a 
blast of ((’11s <uiiv(’ at a paiticulai output port, leducmg the si>ac(’ availabh' 
and (’ventualh (ausing the soivik’ (h’giadation f’oi othi’i poits A t\])i(al 
shaK’d iiK’inon switch is shown m Figtiu’ 2 2 


Shaied Memoiy 



Figuie 2 2 ShaK'd Memoiv Switch 
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2.1.2 Shared Medium Architecture 


111 tins ai( liil<'< I me tlu' uk oiiimg < ells aie iiiultiiilexed into a ( oiniiioii iiiedi- 
iiiii tvpi(all\ a bus ()i a img The iiiediuiii .s])('('d is in geiic'ial gieafi'i than 
()i ('(jual to th<’ sum of tiansnnssion lates of iiKoniing liuks Hei(' a small 
FIFO (Fust 111 Fust Out) whidi has capaiitv to hold a fc'w (ells is used to 
stole iiKonimg (('11s until IIk-'v aciess th(' iiK-'dium In this ai( hit('( line the 
outiuit ( onti'iil ion ( aii not oi ( iii as two oi inoie ci'lls (an not aiin(' at an 
output poit simultaneoiislv Howev('i tlu' aiinal iat(' of the ('('lIs iiiav ('X( ('cd 
th(’ link ( a])a( it\ loi a shoit lu'iiod of tiiiu' Hi'Ik e output hnffi'is ai(' iisi'd to 
stole tlu-'se ( ells The (hsadvaiitag(' of this aiehitt'ctuK' is that as tlu' nmnbi'i 
of links and then six'i'd iiu hmsc's. the iiu'diuin six'ed Ix'conie a (onstiaint 
H('n( (' th('S(' switdu^s (an not be iiiii at high sp('('d So this ai(hit('(tuie is 
iiiostlv used 111 small woik-gioup switdies oi as switching ek'iiK'nt of laig('i 
baikboiie switdi A tvpu al shaied modiuin switdi is shown m Figiui' 2 3 



2.1.3 Space Devision Architectures 

In tlx'se aieliit('( tuK'S tlx' space devision ( loss bai switdu's aie used as basi( 
eleiiK'Hls llei(’ ('adi c('ll tiansfei leipiiies the ('stabhshiiK'iit of a deduati'd 
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phvsK al i)atli the switdi fioiu iiu onuug to ()utf>,()iug links Multiple' 

(('11s fioiii (liH('i('ut inputs (an b(' tiaiish'iK'd (oiKUiK'iitlv on inultiph' links 
Tli('S(' swildu's also allow tlu' contiol to lu' distiibuti'd within th(' switdi 
tlu'K'bv K^diK iu,i>, tlu' ( oniph'xitv Whole' of th(' switdi is unph’UK'iite'd nsinf> 
a siiii'h' laif>(' ( loss bai switdiing (■'h-'iiK'iit oi many small (loss bai ('h'liK'iits 
foinung bam an iK'twoik bate Ik'I banvan iK'twoik oi bnffeied banvan net\^olk 
as the basK switdiing fabin Figuie 2 4 shows a tvpical space eh'vision swite h 
using a Singh' e loss liai switching eh'iiK'iil 

In spae (’ de'Msion aidiit('( tuie both output (oiitention and mt('inal e on- 
te'iition can oe ( ui Output conte'iition o( ( iiis whe'ii iiioK' than one' ( ('11s anivc 
at an output poit smmltaiu'ouslv Internal eonte'iition oecuis wlu'ii some' link 
b('( oines e oninuin to two paths To solve this pioblem bufle'is ai(' used The'i 
mav !)(' i)la(('(l within the cioss point oi at th(' iniuit jioit In ( as(' the' switdi 
IS inte'inalh noii-bloe king, output buffeiing e an be us('(l to u'solve' the' output 
(ontention Ih'ie' hnite buffe'i don't solve th(' piolih'in of output (onte'iition 
( ()m])l('t('h b('( aus(' biiffe'is ( an become full h'admg to diopiuiig ol ( ells S('\- 
('lal s( Ik'iik's w’lt h finite bufit'i sizes have b('('n siiggc'stc'd m which th(' inobh'm 
of c('ll loss diK' to jiatli (ont('nti()n is taki'ii ( ai(' of 



Output 


Bar state 


Cross state 


Figme 2 4 Space' De'Vision Switch 
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2.2 Mode of Message Transfer 


Scnc'ial t('(luii(iu('s have been developed foi niult.iplexing uuun signals oiei 
a single jilivsK .d (lianiK'l to piovide mnltiiile access to usc'i Tlieic- aie tliK'e 
widely usc'd luulliplc' ,iec c'ss tc'c-limciuc-*s vi/ TDMA. WDMA and CDMA |1| 

2.2.1 Time Devision Multiple Access (TDMA) 

In this sc lic'iiic' a single bit cluiatioii is biokc'ii up into small subiiiteivals whose* 
numbc’i is ('C[ual to that of c onimc-tions to be* uiultiplc’xc'd Each c onnc'c tion 
uses a fiac tioii of bit inteival to sc'iid its own mfoiuiaticm bit The sc hemc' is 
shown in P'lgme 2 ') 



r-1 

r 

ro 1 

1 

' z 



1 


U 

U 

u ; 

1 

1 

! CJ 

1 


Bit Duration T ► 

Piguic' 2 “3 Time' Devision Multiple' Accc'ss ,Sc-hc'me 

2.2.2 Wavelength Devision Multiple Access (WDMA) 

In this schc'iiK' ('aeh c oniic'etion is assignc'd diffc'ient waveh'iigtli ovc'i which 
its signal IS niodiilatc'd and sc'iicl simultanc'ouslv At the ic'cc'ivnig c'licl the* 
signals aic' sc'jiaiatc'd l)v the tunalde oi fixc'd filtc'is Siic'ctiuni loi WDMA 
svstc'iii is shown in Figuic' 2 0 

2.2.3 Code Devision Multiple Access (CDMA) 

In this sc hc'nu' data to lie tiansinittc'd is c'lic oclc'd using c-ocles The* c odc' iisc'd 
aic' c hose'll to bc' oithogonal w’lth each othc'i Each of the tiansinitteis c an be* 
assignc'd diffc'ic'iit code's The ic'c'cuvc'i can use' a c oiic'latc'r to find out winch 
tiansmitter is tiaiisnnttmg wdiat In oiclc'i to maxiimsc' tlie pc'ifoimanc c* of 
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OpllLill 

Pcnvci 


/ \ 


A., 


A, 


wa\ elength 


Fifj,m(' 2 6 Wriveleiigth Devisioii Multiple Access S( hc'inc' 


( i)(l(' clevisioii luultiiilc' ac•c•c^ss svstc'iiis. tlic' autoc oiic'ldtioii of all the' codes 
should he a delt.i tunc tion and c loss c oiic'latioii lietwc’c'ii aiiv two ( odes should 
!)(' iiiiiiimuin (ideally zeio) 


2.3 Types of Buffering Schemes 

Th(' bufteiiii^ IS uec'ch'd to ic^solvc' the c ontcuitioii Tlieie ai(' thiec' iiiajoi 
appioathc's to piovidc' buftcuing Input Buffc'iing, Output Bufleiinji, and In- 
tc'iinediat.e Bulh'iing In all the* tlnc'C' appioachc's the' bufic'is c an Ix' shaic'd oi 
non-sliaic'd TIk' iniuit biiffc'ic'd sw'itcli has the' advantage' that the' switching 
spc'c'd ic'ciuiK'd IS the' same' as the nunibc'i of inputs w’herc'as it has chsad- 
^antage that thi' inaximuni available tliioughput is 0 jSG duc' to the hc'acl ol 
line' blocking ph('noni('non [2| Output biiflei swutcli has a tliioughput ot 1 0 
but but th(' switching spc'c'cl ic-'cimic'd is ol the' oiclei of the sciuaic' of ntinibei 
of inputs |2| I lit ('1 mediate buffeiing tiic's to take the bc'st of both Imt as a 
K'siilt is inoK' ( oiu])lc'x So it IS larc'lv usc'd 

In till' ( as(' of non-shai('d liuffc'i sc-heinc' tlu' advantage' is that the' i oiitiol 
logic IS simple' and the' backiilane mteifae-c' sw'itchmg speed aie the h'ast lait 
a sc'iums disaehaiilage of this sc'he'ine is that the' c-'ffe'e-tive buflei utilisation 
IS giosslv le'duee'd and as a ic'sult the ee'll loss piobalnlitv iic'i unit biiffei 
si/.e' intic'ase's The' advantage of sliaied luiffe'i sc-ht'ine is that the' c'ffe'etivc' 
utilisation of laiHc'i is iiiaximiim and as a ic'sult the ee'll loss piobabiliti ])e'i 
unit biiffei si/e' is less Imt a sc-'iicms disadvantage is that the' eontiol logic 


18 



becoiuPH ni()i(> ( omplox and the backplaiu' switdniig speed Ix'comes X l-niu' 
the link data iat<' loi a .V x .V switch |2| 


2.4 Survey of Optical Switches 

Th(' offoits loi develo})inent of optical switdu's aie going on siiicc' the' last 
decade Tlic' ic'c(uiic'inont foi an optical switch will bc' svstc'iii dc'pendent but 
thc' following leatuic's aie dc'siiable in all-optical switches |G| 

• Polaiisat ion Indc'pc'iidc'iit 

• Low { losstalk 

• Low iiiseiiion loss and ('vc'ii gam 

• \Va\('l('iigth iiideix'iiclenc c' 

• Multi-\\a\('lc'ngth opc'iatioiis 

• Bit late liansiiaK'iK V 

• Fast switc lung 

• Simple' iiupleinentatioii 

• Sc-alabihti 

The* continuous ('ffoits have K'sultc'cl in some gc'iieial appioadic's loi u'alisa- 
lion of optical switchc's Fc'w of thc'se gcnic'ial ajiinuadic's aic' dc'seiibc'd lic'ic' 
Some of these aic' suitable foi c iic-uit switdic's and some' foi packet switches 
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2.4.1 Directional Coupler 


It ( oiisists of two ( oiiplod wavpguidps (Figme 2 7) They aie ( haia( toust'd 1)\ 
then ( oiipliii;>, length and the Inas voltage oi ( uiieiit to achic'vc' a tt 2 >hase shift 
in inteifeiometc'i They leqiuie only small index diangt' and can theiefoie 
!)(’ falnnated eilhei wit.h elei tio-oi)ti( (aiiiei deidetion oi (aiiiei iiiji'ction 
waveguide Mam diK'itional lonpleis aie (.oinbined to make* a hug(' switch 
Diiectional (oiijilei based inonolithieallv mtc'giated laige switdu’s have also 
Ix'c'ii made TIk' biggest diawback of these' switches is that tlu'v aie iiolaii- 
sation sensiti\(' dm' to diffc'K'iit touplmg li'iigth foi TE and TM mode's and 
polaiisatioii se'iisitive e'lex tio-optie e^ffeet The' othe'i diawback is that the' 
(onliol of eou])hug Ic'iigth is difficult duimg niaimfae tilling The' limitation 
of iiolaiisation se'nsitive'iie'ss can be oye'ieome I've'ii though it is difficult |G| 



I'lgUK' 2 7 Sehe'inatie \'ie'w of a Diic'etional Cemple'i 


2.4.2 Macli-Zehender Interferometer Switches 

Foi le'ahsiiig Madi-Ze'he'iiden inte-'ife'iometiie switch, the' 2 x I \'-]uneiie)n of 
Mae-h-Ze'hi'iide'i inte'rle'iomc'te'i aie le'idaec'd by 2x2 moelc' eemiili'is as sliowii 
111 Figiuc' 2 8 

An 11111 ) 01 1 ant advantage of Mach-Zehe'iider mterfe'ioiiie'l.ric scvite h as e om- 
paied to the' diic'etional coupler is the ge'omed.iieal sc'paiation of mode' eou- 
])hng and phase' shifting legions Thus he'ic' iiidepe'iidemt optimisation is pos- 
sible' and switch can be easily made polaiisatioii inseiivSitive MZl swntdie's 
aic' well siiitc'd foi high spe'C'd applications 111 addition to 2x2 MZl sw'ite li- 
es .V X .V MZl switdic's have' also liexm ic'alisc'd deiiionstiatmg ])olaiisation 
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luseiisitui' switching Heic* foi pohuisalioii lUsc'iisitiNC'uess the' luiilti iiioclc 
Iiitc'ifacc' (MMI) ( oiiplc'is ai(' used |6| 


Input 1 
Input 2 



3 dB Splitter- ^ 


■ Output 1 

Output 2 


Figiuc^ 2 8 Intc'giatc'cl Optical Mac h-Zelic'iulc'i Inteifc'ioinc'tc'i Space-' Switch 


2.4.3 Digital Optical Switches 

The' digital optical switcdi (DOS) (shown m Figiiie 2 9) is ba.sc'd on adiabatic 
mode evolution in contiast to diiecticmal coiipk'is and Mach-Zc'hc'iide'i mtc'i- 
[c'lomc't.c’is that tisc' intc'ilc'ic'iu'c' eflc'cts jOl Coiisequc'nt Iv polaiisation insc'ii- 
sitne opc'iation c an 1)C' olitamc'd foi DOS and it has huge optic al liaiidwiclth 
in licit, h TE and TM polaiisation It has digital lespoiisc' The' switching 
of DOS can lie* obtainc'd bv levcnse oi fciiwaid bias opeiaticms m the p-i-n 
hc'teiostiiic tint' Duc' to Y shape of juiic tioii the DOS ac ts as a 3 (JB sjilittc'i 
whc'ii no bias is aiiplic'cl and c'asilv piovidc's broadcasting function which is 
nc-'c'dc'd 111 main svstc'iu applications Main Digital Optical Swilchc's c<m bc' 
combmc'cl to make' a huge' switch Foi c'xample a 4 x 4 switching m.itiix ha\c' 
bc'C'ii ic'poitc'd ill a sliietlv iicm-liloc king tic'e aic hitc'c ture with 24 DOS [Ol 

2.4.4 Active Space Switches 

Hc'ic' the gam modiilatois e g Semicoiicliic toi Optical Amphhc'is (SOAs) aie 
tisc'cl loi sjiacc' switc'hing applications. Most often the tiec' stiiictmc' is iisc'd 
An c'xamplc' is givc'ii m Figuie 2.10 Hc-'ie a Iiillv c-oiinc'ctc'd shuttle' nc-'twoik 
between input and output pent is lealisc'd using adc'cpiatc' powc'i splitt.c'is 
and comlmic'is Each connc^cting jiatli can be sivitchc'd on cn ott using the' 
c onc'sponding SOA Theic'tore N'^ SOAs aie ic'cpuied Siic-h a switching ma- 
tiix mhc'ieiith genc'iatc's the splitting los.sc's that c-an lie impoitant toi huge' 
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switdi riiirtvs To ( oinp('usat(> foi tlio losses additional boostc’i anipliheis 
(an b(' iiK hided with the diawback of noise ai ( umulation |G| 

2.4.5 Switch based on Fiber Delay Lines 

This switch lelu's on dviiainu wav('length emodiiig and inultiph'xing loi fast 
switdiiiifi, ol (ells |7| Th(' sdieiiK^ is shown in FigiiK-' 2 11 Heu' tin' n-input 
n-output switdiing inatiix ((insists of foiii fuiKtioiial block 

1 Th(' ( ('ll ('ii( od(n block, iiuoipoiating ii fast tunable optii al wav('l('iigth 
(onveit('is which assign wavi'h'iigth to eadi (i'll coiic'sponding to its 
taiget output 

2 The tiiiK'-swltdiiiig and Imffcuing block consisting of niii fast opt.ical 
gate's whidi aic-' usc-'d bv each of the wavcdcuigth coiivc'itc'i to aiic'ss 
all the in wawlc'iigth ch'vision multi] ilexc'd opc'iat.c'd filx'i clc'lav bin's 
Tlnasc' hb('i (h'lav hue-* have mcieasing Ic'iigt.hs fioiii 0 x T to (ni — l)xT 
wlu'K' T IS the c('ll period 
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SOA 



Th(' (If'iimltiploxoi bkxk iiu liuliiig ii l)aiKlpass ('acli 

tuiK'd lo a (liftt'K'nl wavt'longth, thus (h'hiimg tlu' output addicss 

4 Tli(' (']('( tioiiK (ontiol l)lo(k implouu'utuig tlu' swilclmig algonlliiii 

hi tins ai( liil('( t UK' 111 anv slot upto in colls (an ho diif'rtc'd l.o a output 
If inoio than in luiuit.s (outoiid foi a output tlu'u souk' of tlu' ( (dls will Ix' 
dio[)p(-'d 

2.4.6 Switch Based on Fiber Optical Loop Memory 

Rcxc'iitlv an optual switdi hasixl on filx’v ojitual loop im'iiioiv (FOLM) has 
hoc'ii propos('d li3| In this thesis WDM vc'ision of this switch auhitt'c tuu' 
has boon c onsidi'K'd The sc hcunatic is shown in Figuio 2 12 Tlic' fuiict loiiing 
of switch IS as follows 

The Tunalilc’ Wavc'lc'iigtli Convc'vtc'i (TWC) inodulatc's tlic* me oniing p<u k- 
ots into ail available wavc'longth Tlic' available wavc'lc'iigtli is dc'c idc^d In the' 
(ontiollei and it accoidingly adjusts the TWC’. All inputs aie (•oinbinc'd In 
stai (ouplei 
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Gaud Access Shuine Nclwoik 



I Tunable \Va\clengtli Coin Cl U‘i 

I j Optical Gate 

I . bihei Dclav I me 

j Hived Oplical Hillei 

I PI) [ Hholodctectiii 


Fi}2,iu(' 2 li Dplav Line Switdnng Matnx 


111 iioiinal ( iiciiiustaiuos tlip packot is cliiectlv scut to onipnt without 
stoiiiig It 111 F( )LA 1 But soiiK'tiiiK's when ( outi'iitioii oc c lus i <> two oi iiioic 
than two ( ells oiit foi same output, onlv one of these is sent to output and 
otlu'is aie modulated into diffeient wavelengths and aie stoied m the FOLM 
They aie sent to out.iuit pint iii next time slots In case all wavehuigths ui 
hb('i loop ai(' lit use. tlii' cell is diopped Thus hbei loo]) is used loi ( oiiti'Utioii 
K'solutioii In WDM 

Th(' fibei loop is made up of 3 dB (ouplei. WDM demult iph'xc'i S('mi- 
(oiiduttoi Optical Amphfieis (SOA), WDM multiplexc'i and Eibiuni Doped 
Fibei Amjdifii'i (EDFA) Due to 3 dB coupler the packets which aic' input 
t,o loop aie visible' to loop as well as to stai c-ouplei at output Similarh thc> 
jiackc't which c-omi)lc'tes lotatioiis in the loop is also visible to loop as wc'll 
as to stai c oujilc'! at output SOAs are usc'cl as optic-al gates and amphfic'is 
Wlic'ii some' paitaciilai packed is passc'd out of switch bv activating appiopii- 
ate Tunable' Filt.ei (TF), the c-oiic'siionding SOA is tuinc'd off in the same' 
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tiiiK' slot find 1 1ms wipmg out putkot fiom loop The EDFA also < oiup('iisai('s 
(lifl('i('ut losses foi ('xauiph' splitting loss 

2.4.7 Multidimensional Switch 

It aims at exiiloitmg the wavc'leiigtli doiiiam foi < outeiitioii lesolution (o 
iniiiiiiiise tli(' amount of optical Imffc'i u'ciuiK'd m a multistage' suitdmig 
iietwoik aiiaiige'iiK'iit Its basic inatiix is shown in Figuie 2 l.J 17| In ease' 
of contention the cc'lls (cmipeting at the' same time foi the' same outjmt 
of a switching elc'inc'iit aic' conveitc'd to m fic'e additional wa\c'leiigths and 
tiansunttc'd at the same time slot mstc'ad of being dc'lavc'd in a buffc'i and 
tin'll tiansmittc'd c onsc'cpic'iith This is aclnc'\c'd bv activating ajipiojniatc'lv 
the' additional ojitieal wavc'lc'iigth c'onvc'itc'is on c'ach nilc't C’oiisc'ciiK'iitlv tin' 
iiumbc'i of intc'iiial wavekuigths of a switching c'hnnc'nts must bc' ('xtc'inlc'd 
being the inn c' to pav foi avoiding the use' of the* time' domain 

2.4.8 Ultrafast Photonic ATM Switch based on Bit-interleave 
Multiplexing 

Tins switch IS an upgiadation of a switch basc'd on c c'll-mtc'ilc'avc' multi- 
plc'xmg It IS basc'd on bioadcast and sc'lc'ct nc'twoik and Ik'Iuc' can handle' 
multicast switc lung [S] Its block diagiain is shown in Figure' 2 14 

Hc-'ic' t.he Input Module' (IIM) has a buffc'i and output c-ontcuition ic'solution 
mc'c'hauisni ( )pt n al Bit-Intcu leave Multipli'xing inodule doc's bit mtc'ilc'avmg 
with the' hc'lp ol ultia-shoit pulses of Shoit Pulse Lasei Diode* (SPLD) and 
mtc'iisitv iiiodulatoi (M) Optical Cell Selc'ctioii Module sc'lec ts desnc'd cc'lls 
on a slot-ln-slot basis 

In this Cliaptc'i wc' suiveved iiiaiiv switching techulclu(^s In the lu'xt 
Cha])tei we will be* looking at the* techinciuc's foi leplacenn'iit of headei m 
optic al switc lies 
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Fi}>,m{' 2 1.3 Tho ]Multi(liiU('ii.si()iial Switching Malux 


OBMUX 



IM Input Module 

‘^PLD S hoi t Pube Label Diode 

OBMUX Optical Bit-Interleave Multiplexing Module 

OCSM optical cell Selection Module 

M Intenbity Modulatoi 

I CRM Electnmic Contention Rebolution Module 

Figuic' 2 L t Block Diagiaiii of Photonic ATM Switch Aichitec-tuic 
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Chapter 3 


Header Replacement in Optical 
Switching 

3.1 Introduction 

Al pi('S('iit llic li(M(l('i K'placoiiu'iit 111 optK al switches IS (rUiK'd out ('ledioii- 
Kalh 111 this iiH'thod hist tlu' optical lu'adei is (ouvc'ited into electioiiK 
foiiu tlu'ii It IS (hanged and again (onveiU'd liack into optical loini 

R('C('iitly f('\\ attc'iiiiits have been made foi all-optual headc'i K'phu ('meat 
le headei is K'geiK'iated and K'plaKnl without coim'iting into ('leitioiiu 
loiin SoiiK' of lh('S(' methods aie desciilied iii this Chaptc-'i 


3.2 Optical Header Replacement 

3.2.1 Method I : Header Replacement using Continuous 
Wave 

In tins lui'thod |9| lh(' (('11 loimat usc'd is shown in Figuie 3 J It consists ol 
oiigiiial h('a(l('i (OH) a tune gap called guaid band (Gl), (oiitmuous va\(' 
(C\V) period and the pavload. The guaid band Gi sc-^parat.es the C\^ period 
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from tlu' li(M(l('i to })iovk1(' suffideut tune foi heacU'i to Ix' pioc c'ssed In 
( outiolk'i 



CW 


Payload 


) 1 Cell StiiK tiue foi HeacUn R('pla( eiiK'nl ni M('tho<l I 


H('i(' the s( lu'uie used for the header leplac eiueiit is shown ni Figure 3 2 
An ('!(■( tioiiK (ontiollei iiiointois the input through a 10 (IB splittc'i and an 
optical to (']('< tiual (() E) (oiiveitei A fil)ei delay (aligiiiiK'nt delay) is usc'd 
to s('t tuning 111 the output packet Eadi of two SOAs. SOAi and S()A2 
leieiyi's an ciitiic' ( opy of input packi't yia 3 dB filx'i splitter Fiiiu tion of 
SOAi IS to iiiodiilate data onto the CW period to piodiui' iK'w lu'adc'i SOAI 
K'lnoyi'S oiigiiial headi'i. TIk' output of both SOAs ate lei ombnied by a 3 (IB 
hb('i couph'i to ptodiue output packet 


Input 


allignmenl 
dclay^ 


^SOAl 


10 dB 

SpllUCl 

(3 dB 



I L. 

X’ 



O/E 



“ j 

. 

Elcctionic 


^ 1 ' 

Conti oiler 




Output 


Optical path 

> Elecliical path 


Figuie •') 2 ScheiiK' of Expet niieiital Fleadei Replaceiiieiit in Mc'thod I 


Figiiie 3 3 shows the tiiiinig cliagiani foi headei leplacenieiit Tin' eh'c- 
tionu cout.iollei ch'teds packets and accordingly controls SOAi and SOA2 
Aftc'i CW iic'iiod IS detected, the coiitiollc'i starts gating SOA2 with iic'w 
hc’adc'i infoi Illation theieljy inodulating the light in the CW pc'uod Aftei 
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this ( oiitiollci tunis ott S()A2 SOAI is tuuK'd oii wlu'u is detected 

1)11 SOAl find imiH'd oil aitc'i pavload 


j OH J 


01 


CW 


PaylDail 


NH 



CW 

Nj 

Pa\ load 


CW 

M a 

Payload 

JV 

CW 

Payload 




a input to S<)A2 
b output ot S()A2 
L input to Si) A I 
cl output ol SOAl 
c linal output 


OH OUlHeadei 
NH New HeaUet 
G1 GuaiilTinie 


Fijcuk' ) •) Timiiif> Diagiam foi Headei Replacement iii Mc'thod I 


3.2.2 Method II : Simultaneous All-Optical Packet Head- 
er Replacement and Wavelength Shifting 

In this metliod llO]. l.lic' wavc'leiigth shifting and luviclc'! leplac eiiumt is ic'- 
alisc'd sinmltaiK'onslv nsiiig thic'e level niodnlation of a piolx' lasc'i Hc'ie 
piol)(' lasei ( hang(\s the headei bits oiic'-bv-one effec tivelv The* scheme foi 
t.his IS shown in Fignu’ 3 4 It. illnstiates an me oiimig packet on Ximmp 
hc'acler lieing leplacc'd simnltaiic'ouslv When the eiitiie headei oi an mdiMd- 
nal lat ic'cinnes no change wavc'hmgth shifting is pc'ifoimed l)v sc'tting thc' 
liiohe iniint powc'i to a middle Icwel Whem an mchvidnal bit ic'ciuiic'S change' 
the' piol)C' input [)ow('i IS ('ithc'i decic'asc'd to a ’low' h'vc'l . foicmg a low 
piobc' output powei oi iiuTC'asc'd to a 'high' Ic'vcd, foicmg a high jiiobc' out- 
put powei Hc'K' onc' should be caieful foi the fact that wavc'lc'iigth shifting 
using cuoss g<un (ompression mvc'its the input bits. 
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Iiuiiimii'j I'.ilInlM (111 


1 


OH 


pump 


Hii\ load 


nhJ 




NlW IlLiUlLl gCMlL'l .11(11 


W.ivekiiiith 

ShittLM 


Oiitgoinu p.i(.kLM on A.p,„|,^ 


NH 


Pii\ load 


I i lag 

OH OldHcadci 
NH New Headei 


Figiiic' 4 SdH'iiK' ioi Snnultaueous H(vul('i Roplac ('ineiit and Wavt’kiif^l h 
Slutting 


3.2.3 Method III : All-Optical Updating of Sub-carrier 
Encoded Packet Headers with Simultaneous Wave- 
length Conversion of Baseband Payload 

The l)l()(k (hagiain of this pio(('ss is shown in Figiiu' 3 5 |ii| H('i(' hist ol 
all sunultaiK’ous suh-caniei niodulati'd (SC'Al) lu-vidci supinc'ssion and wa\('- 
h'ligth convi'ision of bascdiand pavload is adiioved dm-' to low pass fi'('ciu('ii( ^ 
K'sponsc ol the cioss gam modulation m a .somicoiiductoi ojitical ainjilihoi 
and tlu'ii th(' hc'adi'i K'plac ('iiient is ixufoi lin'd bv optn allv i ('modulating l4i(' 
wavc'h'iigth (oii\(’it('d signal with a. new hcadc'i at tin' oiiginal sub-caiiii’i 
li('(iu('n< V 


3.2.4 Method IV : Header Replacement using a Long 
CW Region Generated Directly from the Packet 
Flag 

In this iiK'thod |12| coiitmuous wavo (CW) is gi'iieiab'd tioin pacb't flag It 
msuK's that iIk'H' is no diflc'rence m wavc-'hnigths ot new head('i and input 
pack('t Th(' (oiitmuous wave' fioni flag is gc'in'ialc'd bv hbei loop Oin (' 
('\V IS (ivab'd It IS optically iiiodulati-d with new In'adei whidi is addc'd to 
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I'levi SCM Header 


Figure 3.5: Updating of Subcaixier Encoded Packet Header with Wavelength 
Conversion of Payload. 

payload of original packet. The schematic for this method is given in Figure 
3.6. 



Figure 3.6: Schematic for Header Replacement using CW Region Generated 
from Flag 


3.3 Proposed Integration of Header Replace- 
ment and Switching 

As an innovative approach the integration of header replacement and switch- 
ing has been proposed here. For this purpose the method of header replace- 
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incut ((l(\s( iibcd in Sc( turn 3 2 1) and the optical switch dc'sciilicd in See tion 
2 4 {) have' lic'c'ii usc'cl The iiitc^j^iated schc'iiic* is shown in Fi^>iu(' 1 7 


\ 

\ 


Fihoi 


Mun 


■N 


\ 



Thc^ aliovc sclic'inc' not oiilv proposers a uc-'W couc'c^pt of coinlnniiig hc-^adci 
ic'jilac cmc'iit and switching Imt it also givc's c'conomical advantage' in tc'inis ol 
saving of an SOA loi each channel in (ompaiisoii to situation whcic' hc'adc’i 
ic'])lai enic'iit is sc'paiatc'‘cl from switching At the same time' the' e ost m tc'inis 
of eontiol coniple'xitv ineie'asc's Obviemsh theie is one' limitation that c'vc'n 
pae-kc't would have' to make at Ic'ast one lotation in the looj) while iiassing 
through the' switch (foi hc'adc'i leplaeeme'iit to be caiiied out). 

Hc'ie' one' should note that integiation of method III de'senbc'd in See tion 
.3 2.3 with swite h elc'se libeid in See turn 3 3 is not possible' lie-e aiise- Supinc'ssed 
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(VuiK'i Modiildtioii (SCM) sdu'iiK^ IS not l)('iuj; used m the switdi Siunlaih 
melliod II ()l lieadei i eplac enieiit (an not he int(*giated h('( ause it does the' 
\vav('l('nf>,l h slultinf> simultaneouslv Also inaiu las(n souu es would he lUH'di'd 
wliidi will alwa\s Kuiiaiii ON and Innue would lead to st-^iums loss of powc'i 
Tli(' iiK'tliod I\’ ol Invidei lephuenient dot's not have' these ohjet turns hut its 
us(' in th(' swi1( h will make tlu' switch ven toiuplex due to pi('S('iue ol CW 
geiieiatoi in the lieadc'i K^plat ('inent met hanisiu which is lealisi'd thiouf>,h 
lilu'i loops 

Following aie the main featme of the jnoposed aidiitettuie 

1 Tlie <ell (ail lie sent to an output oiilv after Imadei lephueiiu'ut is 
done Heiu e theie is no f>,am in teims of time savinji^ Also siiu e headei 
iepla( ('iiieiit is done in (vuh (ell. it will hav(' to make at h'ast oik* 
lot at ion 111 t.h(' loop 

2 W(' iK'ed t.o add delav (D(dav 2 m FigUK' 3 7) ]ust aftin Tuiialile Wav('- 
leiigth ('onv('it('i (TWO) foi the tinit' letiuiied to computi' nt'w lu'adi'i 

3 In this ai chit('( t uk’, significant powi'i is lost m the rm'( liauism for lu'ad- 
t'l ie])la( ement whidi leads to laig('i gam via SOA and EDFA m g('ii- 
eial lleiue .\niphfi(^d Spontaneous Emission (.-VSE) uois(' fiom SOA. 
and Id)l' \ aie moie and thus nois(' m one rotation ol ( ell is laigei m 
( ompaiisoii to tlu' situation wlu'ii heatU'i K'plai ('iiu'iit mechanism is not 
us('d 1’lins all()W(’d iiumht'i of rotations m loop would lu' h'ss 

4 Th(' sum ( )l aligmiKuit delay and tiiiu' tak(-'u in tlu' loop should he ('((iial 
to the h'ligth of tlu' pa(k('t Siuc(' the aligiiiiK'iit th'lay is ('tpial tt) the 
tiiiK' ol old lu'ader plus guaid ting (s('e FigiiK' 3 3), tlit' h'ligth of loop 
should he ('(}ual to huigth of 53 hvt('s (assuming the h'ligth ol CW 
jK'iiod IS ('(pial t,o that of headei). 
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3.4 Issues in the Proposed Architecture 

TIh’K' rU(' lllKM' lllfUl) ISSIU' in tlu' l)l()p()S('(l fU( lilt ('( till (' 


• N()is(' Analysis 

• Tiiiiiiifi, \nahsis 

• Eh'clioiiK ( 'out lol Mocha iiisiii 

111 tlic' luc'sc'iit. woik. the iioisc' analysis of pioposod aicliitc'c tuic-' lo loop 
with lioadoi lojilac (’iiic'iit iiK^ohaiiisiii is doin' and conipaicM with loop without 
hoadc'i loplac oinont iiu'chanisin 



Chapter 4 

Computational Model of Loop 


4.1 Model for Coupler and Splitter 

A ( onplc'i ()i splil.ter ( an ])e c oiinidou’d as loui poit devu e as shown in Fif>,ut(‘ 
4 J Iwo ol tli('K(' polls ai'o input jioits and two output ])oits L('t poit 

1 and 2 aio input polls thioiigli wliidi ])ow('i Pj and P> is si'iid in the dovuc 
H‘Sp('( tivcl\ Let i)oit 4 and 4 are the oiitiuit poits tliiough whith powc'i 
and P| IS olil.aiiK'd 

Assuuk' Pj = 0 tlu'ii splitting loss (cv) foi poit 1 is defiiK'd as 


o = 10 log 


ID 


(JB 


(4 1) 


P.i + Pi 

SoiiK' o( llie optical powc'i is lost while going honi input to output jioits 
This loss IS t ('lined as excess loss and is givc'ii by 


c/fes.s /as,s = 10 log 


10 


dB 


Pi + Pi 

Insc'ition loss is dehnc'd as sum of c'xcess loss and splitting loss 


lii^(ilioii lo.sh = \.spliffn)(/ /o.ss| 4- e/ffss /oss 


36 



/ II SCI i /on Jo.s.s 


10 



P, 

Pt ^ 

Fi(>,in{' 4 1 Conplei and Split, tc'i as Foui Poit Dt'\i((-' 

111 t,h(' saiiH' wav as ahovi' tlio splitting loss, ('xiess loss and insi'ition loss 
Idi poit 2 (an lie dc'hiu'd Foi a 3 (IB couiilci tliev aio assniiu'd to Ix' sanu' 
[oi (li(' both iioits Mostly the' ('xcc^ss loss loi coupleis and splittcis is 0 i (ID 

4.2 Model for Multiplexer and Demultiplexer 

4.2.1 Multiplexer 

Miilliplcxci IS tcahsc'd hv ( onn<'( ting 2x2 ( oupk'is in sm ( ossion Foi ('xainph' 
a ninllipl(‘X('i loi 8 inimts can lx* ic-alised in tin' inannci shown in Figui(> 4 2 
H(’i(’ ('acli I)ox K'liK’scnts 3 (ID couph'i 

It IS obvious that il nuinlx'r of chaniK'ls (inputs) is moic' than 4 and less 
than 01 ('<iual to 8 tlu'ii 3 stages of coupleis will have to lx> used. Heiuc' 
we (Mil sa\ I lull if nuniliei of ehainn'ls is M fln'ii multiph'xei loss foi ('<i(h 
chaniK'l IS 



Lo.s.s,,,,,, = [log^ 

wlu'ie \r] 1 (‘presents the integei just gi('at(>i than i and .1 i('pies('iits 
ius('ition loss loi a (oujihu II ex{ess loss foi a 3 (ID loujih'i is t,ak( u as 
0 a (ID then 
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.i= 3 w/B 



Figuio 4 2 WDM Multiplexc'i 


4.2.2 Deiimltiplexer 

UcnmltiplcxcM is also rcahsc'd liv ( ounectiii/> 2x2 (ouplors m su((('ssion and 
using lill.i'is alt('i (In'in Foi ('xainple 1 — 8 di'nmltiph'xci is icahsod in the 
inaniK'i shown in Fignic 4 3 

II('i(' loo. il iiniiilx'i of (haimols (output) is iiune than 4 and loss than oi 
('(jiial to 8 llu'ii 3 stagi's of conplpis will bo used Thus if munboi of channi'ls 
is M thon d('iiiiilti])lox('i loss f'oi oadi (haniiol is • 

Lof^-^lrmin = [h»Rj -''■/'I '^ + 1/ 

W'Ik’k’ 1 — ■> ■) (ID foi 3 (IB couploi and Lj is filtci loss. 

It IS assniiK'd that hltois aio idoal Homo Lj = {) and iiosstalk dm' to 
hlt('i is zoio 
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F Fillci 

FiguK' 4 3 WDM Dc'iiiultiplexei 


4.3 Model for Semiconductor Optical Ampli- 
fiers 

TIk’ SOA is l)<\si(vdlv soiuK oiidiu toi lasoi winch ojx'iatc' Ix'low lasing, tlnc'sh- 
old Kh'cliKal ('n('ifi,\ is iisc'd to achieve' the' population iiivc'isioii in those 
'I'lie basic ddleieuce bc'twc'c'ii a lascn and SOA is facets lefiec-tivity Idc'al- 
Iv SOA should have zc'io ic'flc'c tivitv and foi a lasei it should he one foi a 
facet and Ic'ss than one for othcu facet. SOA which has veiv low ic'flectivitv 
is callc'd tnnc'hiif!, wave aniphfic'i (TWA) suic-e input signal passc's thiough 
dc'VK c' gam legioii onlv oiuc' If faced leflc'c tivitv is icMSonablc' but still ciuitc' 
small thc'ii signal passc's liac-k and foith thicmgh the e avitv gam rc'gion main 
time's and Ihc' dc'vic-c' is callc'd Fabrv Peiot Aiuplificu (FPA) |1')| 

4.3.1 Gain 

\ Tiavc'lmg wa\c' amplific'i has anti-ic'flc'c tion coating applic'd to its facets lo 
ic'diic'c' thc'ii lelic'c tivitv In thc' limiting case, an amplifier with /eio ic'fiec- 
tivitv facc'ts would bc' a travc'hng wave ainiilifiei. with fatten 6'\/7?77?7 ecpial 
t.o /cc'io. whc'ic' Cl IS the' single' pi-iss gam thiough the device' and 7?j and B, 
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ai(’ the iii])U( and oiitjMit lacc'ts leflcH tivitv of tlip amplifiPi U'Sixn tivolv In 
ina(li((' li()\\('\('i ('\('u with tlip l)(>st auti-ipflec turn (oatinf> tlicic is sonic 
K'sidiial lai ('I i(’[l('( tivilv and the amplifici lies lietwccn ticivclnif; waxc ain- 
plihci and lal)i \-p('iol ainplifn'i So an amphfii'i is dcfiiK'd 1o lie tia\('lin,t>, 
\\a\c aniphlK'i il CsfRljl, < 0 17 Foi a TWA the gam IS gi\('ii 1)\ |i")l 

G = 6'() pxp (- {G - 1) 

V -f sal/ 

wIk'ic 

G() = Un.satin a1('<l (jam 
Pin = Iiijni.f poirci lend 
Psai = Sal'll.'! afioii j)oii)ci level 
G = Gam 

G[] and l\„, dc'pi'iid on a.inplifi('i mid Inasiiif^ (ondition Tins ('(pialion is 
d('ii\(’d hoin sicadx state analysis and if^iioies dviiaiiiii effc'cts |i")l 

Till’ (onti.ist latio foi a Seniu ondiictoi Optical Amplihei is definefl by 

Coiif.'i ant jRatio It, = 

Gofi 

wIk'k* G„ii is the f|,ain wIk'ii SOA leinains off Contiast latio is a hnite 
niiinlx’i lienee G'„// is not exactly zeio Thus when SOA leiiiaius off a 
small anioiint ol sif^nal is also passed thioiigh it which is lalh’d i losstalk and 
IS iK'ated as noise 

4.3.2 Noise 

In seniu ondiK toi optnal ainiilifiei when input signal is aniplihe<l. th(' s[)on- 
taiK'oiis ('mission also o((uis This spontaiu'ous (unissioii gc'ts aniplih('d and 
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iH t('uii('(l as XinplifK'fl Spoilt, aiu'ouH Emission (ASE) noise It IS modeled as 
while (uuissian noise with powei spedial density 

= /'s/j {G ~ 1) }iu tvaffs/Hz 

So noise iiowei is f-mni liy N,,, = n,,, {G ~ i) huAB irafts 
whei(' 

II >,11 — SpoDfanrmis citiisHian factoi 
G = AtDjd'ij ic'i 

h = PUv)\(h (on^ldiii 
I' = Fi (‘(jii,c7u !j oj nipiif .sujiuil 
AB = Optica, I Baiuht'idih 

4.4 Model for Erbium Doped Fiber Amplifier 

It is niad(' 1)\ d(ipui}>, the (oie of fibei hv eihium (a laie ('aitii ('l('iuent) Tlu' 
basic puiKipal of EDPA. is also Inused on the stimulated emission like SOA 
but optnal piinipiiif* is usi'd m place ol eleitiual pumping foi population 
imeision Pumping pow'c'i can be mjeited iii three wmvs It iiiav b(> iiiji’i ted 
so that It iua\ proimgab' in tlu' same dueition as tin' signal Altc'iuativi'h 
It mav lie inp’cted in the opjiosite diiedioii of signal The filiei nia\ Ix' 
]>mnp(>d bv inji'cting puni]) pow'ei in foiwaid as w'ell as Kwi'ise direi tioii 
loi high output pow'ei aiiiplifiei The signal amplification depends upon the 
population iiiM'i'sion piohle along the filiei and also on tlu' h'ligth of the filx'i 
h'oi optunuin gain W(' will have to tiade off lietween immp pow'm and h'ligth 
of filx'i [lol 
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4.4.1 Gain 


III I’.ihmiii Doped bilx'i Ainplifici (EDFA) llic' optic al ampliti( afion is ai lui'M'd 
1)\ t he ])io< ess ol si iiiiiilal.c'd eiuission a»s iii SOA Foi the stiuuilatc'd (‘iinssiou 
I he population iii\eision is ic'ciuiic'd in the lasing luc’diuiii EDFA opeiates 
as lliK'e lex el sxsieiii al room tempc'iatme It can be* modeled as shown m 
I'lgllK' I 1 


Pump level 



lippei level 


'C32 




1^21 


N3 

N2 


N] 


h'lgme 1 1 Thrc'C' Lc'vel Amplific atioii 


hiom l'’igni<' 1 1 one cnii wiite |16| 


c/V, 

(It 

(I \.. 
'('if' 
,l\\ 
"ill 


.hdiL 

I IK,, 


.Y, + ^ + (c7,,.V,-CT„.V,) 

'll T2\ 

.V, .Y 2 . ,, ... u 

- fT„.Vi) - — 

T.i-J T2I lll\ 

(^iilii „ 

'I 


ln\ 


nUL V, - ^ 


//M 


^12 


whc'K' 


\i -- (h ouud U'i'vl dvusihi 
\, - E ( (ted Ici'cl (trnmtii 
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Nj - I’piH'i Ivvcl (Imsitij 
nji — ibsoi pfion ( i osh .scdioii of v^, 
n, = Sliniiilafcd ciin.s.sion (las'! '^(•(tiaii (it />'s 
n„ -- \l)s()'i j)l ion < I (jh>, scition at 

I'/, - Pump 1 1 ('(jiicnrij 
= StuiKil ji (•(piciK !J 
/,, - Pump hconi infcimiltj 

/, - Sipnal bcdiii intcimitij 
Til ---■ f.ci'cl 1 to IcocJ (l( < (iij time 
r\> Lci'cl '.I to Icnvl 2 (!(•( (iij time 
T>\ — l.ci'cl 2 to Inicl 1 (lc((iy hmr 
h - Pldiirlt cov,Hl.(iiif 


ImuIIk'i Nile ('(|uali()iis lor ])ump pcnvoi P,,{i.Ui,) ami tlic signal ixnvm 
/’, ( . i\) long / axis an' giv('n hv | 17 | 




(4 2 ) 


(I . 


14 4 ) 


when’ 


= AbHorptKm (oct f loi pump pou'd 
- Absorption roc t i for stijudl pirunn 

^ Emission roc ff foi sujudl potrn 

Now loi iiniriaui pump distribution ami (onstaut oibmiu ( oiu ('iitiatiou 
prolilo ami w’Ik'K' signal modi' piofilt' dqx'uds only on ladms. it t an b(' shown 
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17 


li> ( - 1',.) 


J. I 
nth r i 
/' 


I ■•■".) = /'()'», (<•',) (I - /;) 


p„(--)/q'' 



w’hc'rc 


■» (:./a) = A)f7o (As) (I - //) 



(4 1) 

(4 7) 

(4 6) 


A) = El lyinn) ( ()i]( ciiti aturii 
rl/' = Thirshold pump powct 
// = Ovcilap f(i(toi 


hitcli I Il<ll 


P!!> = 


a,,T 


and 



wIkmc /i'(i is filxM' coK’ ladiiiH, u,\ is flic i)()\v('i spot: size of till' signal mock’ 
and T --- Tji 

'rims 1)\ snhstitutiiig value of ')p[z,u,,). /a) <tnd 7 „(: a) fiom e- 

(lualioii 11 17 and 1.(5 into e<iuatioiis 12 and 4 3 W(' get two depeiidi'iif 

difk'ienf lal e(|ualion loi /’, (: Up) and P^('..iy^) wliidi can bc' solvc'd In iiu- 
ni('ii(al met hod* lo lind value of Pplz. Up) and P^(:./a) at given \aln(' of 
/ 

' 1 h(' niiiiK'i ic.il iiiethiid usc'tl ih Ruiiga Kutta kautli oidei method 119| 
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An important issue in above model is the absorption and emission cross 
section at different wavelengths. As such there is no formula for them. 
They are found experimentally. An experimental cross section around A = 
1.531 fim is shown in Figure 4 . 5 . 



Wavelength (jim) 

Figure 4.5: Experimental Cross Section around Wavelength A = 1.531 /um 

An engineering approximation to above can be made as following [17]: 

_ J i-SSexp , 1.4 < A < 1.531 

4.83eip , 1.531 < A < 1.6 

f 8.1ei!>(-!i^), 1.4 <A< 1.55 
\ 5.2exp . 1.55 < A < 1.6 

These formula can be used to find value of Cp (i^p), (ug) and aa (^ 5 ) for 
equations 4.4, 4.5 and 4.6. 
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4.4.2 Noise 


Siiml.u Id lhai ol S()\ ni EDFA also ASE noise is f!,('ii('ial('(l The iat(' 
('(Illation ROM'i 11111 ( 1 , ASE noise si(i,iial powi'i is 117] 


(ir 


\si 

'(I: 


I',: 


(:. I',) [/’US'/.; + f’o] - 7« (- Pi.s/. J',) ") 


wlieie l\\ lepiesi'iil Mk' ('ciuivah'iit input noisi* povwi c oiiespoiidiiig to oii(' 
photon iiei modi' m haiidwidth Aj3 


Po = /ij/sAB 

\SI'; noise IS loiind hy solving equation 4 7. with etiuatioii 4 2 and eipia- 
tion 1 .■{ using ('(Illation l.S 


4.5 Model for Loop 

4.5.1 Fiber Loop Without Header Replacement Mech- 
anism 

'1 h(' I’ignri' 2.12 shows tlu' basic selieine Heie length oi fibei plus EDFA 
should he eiinal to the h'ligth of one cell peiiod i e equal to o’} bvtes 
• When ('('11 ( neulati'S in the loop, the following effects occui jlSj 

• I.oss laki's plaei' in tlu' signal diu' to hbi'i. ( ouph'i. DM demultiplexi'i 
and \Inltiple.\'ei ui each lotation Siniultaneouslv signal is aniphhi'd 
due to SO \ and EDFA gam 

. Dunng each rotation nion' .ASE noise due to SOA and EDFA is gen- 
eial.i'd. -Mso lh(' .ASE noise gc'iierati'd in eailiei lot.ations gi't ainplifii'd 
(diK' to g,un of SOA and EDFA) as wi'll as reduced (due to loss in fibc'i 
(•ou])l('i WD.M clc'inultiplc-xer and inultiplc'xei ) 


40 



ii total iiuinhci ol lotaUoiis m the looij is *V niicl the* imiiibei of diaiiiiels is 
\l tlu'u above (’llet ts can be repiesented m following matheiuath al foini 
-Al'lt') n"’ jolalion output signal power {dBm) is given bv 

/ (/ II ~ l‘„ II I — flog^ *1/] X 3.5 + G^mi ,1 (A) — [log^ -^-^1 ^ ~ b 2 X / 

I (A) - .3.5 // >0 

when* 1 IS output power after (ii — i)*^' rotation, setoncl term lepit'- 
MUits loss (lu<‘ to (Uunultiiilexei, third term is gam due to SOA. fourth teiin 
IS loss du(' t(j iiiiiltiirlexei, fifth term is loss due to fiber, .sixth term is gain 
due to EDK.\ and .seventh term is loss diu* to couph'i The P„o is given bv 

P»,o = Pui - 3.5 n = 0 

111 till' abovi' eiiuations I (vn km) is the length of fiber in loop. 

-ASE uoi.si' due to SOA. 

1 he louinbiitioii of .A.SE noise power generated at »"' rotation after tlii' 
V lotatious IS given In 

ASh\.,„.,i (A) ^ (A) - [log^ M] x 3.5 - 0 2 x / + G, (A) - 3 .j 

+ ^ - flog 2 A/1 X 3.5 + Gsoa,/ (A) — fh>R^ A/] x 3 5 

-0.2 X / + G,.tijn , (A) — 3..)} 

when' „ (A) is the ASE noise geiieiated by SO.\ in thi' i/"' lotatioii 

Theu'foK' total .ASE noise due to SOA aftt'r N"‘ rotation will be 

N 

(A) = 53 (A) mw 

1=1 

111 t lu' abov i' I'liuat loii the suininatioii is done aftei t oiiverting ASE^,„, > (A) 
into iiivv 

- .ASE iioi.si' due to EDF.A: 
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( 'out nl)u! loii of ASli! iioisc' }i,('ii('iatecl in 


lotatioii, rift('i tli(' .Y lotatioiLs 


IS 1)\ 


// (A) (A) ~ 3 3 + ^ \\o^, X 3 ') + G,tja , (A) 


/=»+! 


[lo^.j A/] X 3,{> — 0 2 X / +• G(>(jia , (A) — 3 3} 


\vli(M(* (A) IS tJi(' ASE iioisc' f>,('n('iat.o(l In EDFA iii tlu' lo- 

Icitioii. I lici cloi (’ lotiil ASE ii()is(' (lu(’ to EDFA fiftt*! *V lotatioiis is gncii 
l)\ 


N 

.l.S'AA,/„(A) = J].A9E,rf/„,,(A) mir 

i=\ 

III t he }il)o\(' ('(luat ion tlu' suimnation is doiio aftei (oiiveitiiig ASE,,/^,, / (A) 
info niw 

In al>o\<‘ <lis( nsKion it should ho uoti'd Unit gam of SOA and EDFA dopeiid 
on 1 he part iciilar rotation siiiiiilv !)('( auso of tlio fact that input powci to SOA 
and I'.Dl'A dcpcinl on I, hat paiticulai lotat.iou 
\ll(M \ lot.it ions 


riius 


A'o/st = ASE^na (A) + ASE,,,ii„ (A) 


SMi = 


^ (HS( 


4.5.2 Fiber Loop With Header Replacement Mechanis- 
m 

Dhc diagram foi I his is shown in Figuri' 3 7 The model for this loop is simplv 
an (>xt elision ol tin' model m Section 4 G 1 As mentioned m Set turn 3.4. tlu' 
h'ligtJi of loop sluaild ])(' ('qual to the length of .jS bvti's 
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\vh('ii I Ilf’ ( f’ll circnhil.os iii tho loop, following effects occui 

• Loss l.tkf’s |>hi((’ 111 the signal cluc' t.o filiei. toupleis. splitteis WDM 
(IfMiiull iiilexei and multiiilc'xcn in (’ach lotation Siinultaneoush gam 
also Of f 111 flue It) SOA and EDFA m each lotation 

• Dill iiig f’aeh lotation. nioie ASE noise due to SOA and EDFA as well as 
inoie fifissl.dk noise, duc' to SOA (ol lieadc'i rejilac cniient uu'chanisin) is 
geuei.Ued \lso (lu' AvSE noise and c losstalk noise gcmcnatecl in eailiei 
uitatifius gels amplilic'd (due to gam oi SOA and EDFA) as well as 
rc'diiff'd (flue tf) hiss in hbc'i, c-ouplc'i. splittei WDM df’iiiultiplexei 
aiifl multiplexer) 

( ’oiisider the f ffiiihiiic’d loss due' to 10 (ID splittcu and 3 (W siilittei of headi'i 
I'f’phif emeiil iiieeliauisiii See Figure 4 0 

lOdB 
.SpliClei 

iMgure I (i; 10 dB and 3 (IB Splittc’i combiiif'cl 

Let iiowei be givf’ii l.hnmgh pent 1 and no input powei at poit 2 tliiui foi 
10 (IB splittei 




- 10 logio 


Pi 

Pi+Pi 


Pi 


iO 

a 

9 


assume I\ ■ B\ + Pi ^ Pi “ To’’ 
Foi 3 (IB splitter 
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-10 log 


Pr, 


P:. + P(. 

P-, = 


3 

Pi, 


.SIIICI' Pi 1 J\, Pr, - = '211 

So (onihuK'O loss duo lo 10 (ID sphtt.oi and 3 dB split, toi 

P\ >0 

/os.s lOlogio — = i01og|„ ^ = 3 47 (fB 

Vow il \\<' considoi ('X(('ss loss (0 5 (ID) of both splittoi tlu'u (oinbiiK'd 
loss IS gucii b\ 


Ions ^ 3.47 + 2 X 0 0 = 4 47 (IB 


Cousidi't tlio ('dbct of rotation in tin' loop If total nuuibci of lotations 
m the loop IS \ and the mnnb(>i of diannols is M then the (■‘ffoi 1 of rotation 
ol ( ('ll in the looj) can be icincsi'iitod m following inathoniatK al foiiii 
- .Ml or /d^'iotatioii on1]mt signal ])ow('i 


P,i II — Pii II 1 ■■ X 3 0 — 4.47 + (A) — 3 5 — I'log 2 A/] x .3 i 

0 2 • / -t‘ ('itijii,ii (A) 3 0. // > 0 

wlicic P„„ is tlic Old put power aftei ii"' lotatioii, second teini lepiesents 
loss due to \\ DM deninltiplexer, thud teini is coinbined loss of 10 (IB splittin 
and 3 tID splitter, fourth term is gam due to SOA, fifth term is the loss cine 
to 3 (ID coni>lei of headei i eplacoineiit iiiedianisui. sixth teiiii is loss due to 
W’DM limit ijile.xer. seventh teini is loss due to fibei. eighth teini is gain due 
to KI)F\ and ninth teini is loss due to 3 (IB (ouphn of the loop 
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^ 0,(1 = Pnt — 3 .") /; = 0 


wlicK' / (A//;) IS (li(' ()[ fiber m loop and P,„ and aie lu ilD»i 

- \SI‘, noise due |,o SOA 

VSM iioisi' <i('l('i N lotatioiis due to n"' rotation 


1.S7A 


(\) 


II ('M 3 0 [Ing^ 3/] x3j — ()2x/ + G,.iij,i „ (A) — 3 > + 

\ 

3/1 X 3 ■) - 4 47 + G^o „ , (A) - 1 5 — [lof^j .1/] x f 1 

/ II ' I 

--() 2 X. I + (A) — 3 5} 


\\'ii('i(' .l.S'/' '',,,,,, IS th(' original ASE nois(' generated due to SOA at the 
ii"' rotation in dHin. 

So total \S1'‘, noise due to SOA 


.l.S7Ai,„(A) 


Ease. 

1=1 


I (A) 


luir 


In above ('(inatioii the smiiiiiation is done after (‘onveitiiig ASE^,,,,! into 
inn . 

- \SE noise due to EDFA 
\SE noise .dtei X rotation dnc' to ii*'' lotation 


.1.S7A,//,i.ii(A) -■ .bS'P;V„,,(A)-3 5+ ^2 {-ri 08 > 3 /l x3 3- 4 47 + G\„„,(A) 

/=//+! 

-3 ") - [log^ 3/1 X 3 5 -0 2 X / + G', (A) - 3 3} 

wIk'H' ASE',\ii„ „ (A) is till' original ASE noise generated du(' to EDFA at 
the ii"‘ lotation. 

7)1 

;entral LiBRAir 

1. 1. T., KAWIHH 

129545 



So total XSI'l Moiso diK' to EDFA 


A' 

l.S (A) = ASE,,,ii„_i (A) nnr 

i=\ 

In t.lic al>o\(' ('(juatioii t.li(' summation is done aftm chaiigiufi, . 45 £’,,//„ , (A) 
in mw 

- Ciosst.dk noise due to SOA m lieadei leidacernent luecliamsm 

In headei u-phn eiiK'iit mediamsm one of the two SOAs lemams on at a 
time wlnl(' othei H'lnains oh The signal jiassiiig the lespeetivc' SOAs ('xpc'- 
1 leiiees t he gam ( oi 0 '„/ / Even {Iniing off state the signal with gam G„i / 
(O' which IS (inite small)" passes through SOA, whidi acts as (losstalk noise 
111 OI igimd signal [lassing tlnough other SO,A Note it is like noisc' because' the 
signal m one o( the arms < oiitammg SOA m headci ie])la( ement mediamsm 
('.\])eru'nees solin' dc'la.t. 

The ('ll<'eti\(' crosstalk noisc' altei N lotatioiis foi the ciosstalk noise gen- 
('latc'd 111 ii"' rot<ition is 


(1 


sot/ n 


(A) 


( „ (A) - .- 1.5 - [logj A/] X 3 5 - 0 2 X / + G', (A) - 3 

A- E { - X 3 A - 4 47 + (A) - 3 3 

/ n \-\ 

- flog. .Ul X 3.5 - 0 2 X / + (A) - 3 5 } 


wlu'rc' ^ 

^ II (A) ~ '. 011,11 (A) X 

I'lii.simii (A) IS the input powoi to SOA m the vP' lotation 
So tiotal ( rossl alk noisc' due to SOA 
■S('(' Sc'ct.ion 1 3 
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tntr 


/=1 

III tli(‘ al)<)\<' (‘(iiiat.lou tli(' summation is done aftei coiiveitiiif^ CT^ou / (-'M 
in inw 

Mills alt(M \ rotations 


A O/.Sf (''M "t* (A) 4“ C T(letmn (A) + CT^aa (A) 


Thus 


S\Ii = 


N 01. St 


This (Ihiptiu f;iv('s Uk' mutlu’inatu al ioiuiulation loi the loop with and 
witlioul hoadoi K'lilacoiiu'ut iiu'chamsui Next chaptei gives the lesult of 
( oiiiptilatioji hast'd on ihest' lonimUtioiis 
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Chapter 5 


Results and Analysis 


111 (Ills (liaiitci lli(' K’siilts ol pi'ifoimaiK (' analysis of the switch with luvid- 
('1 K’placc'iiK'iil iiK'cliaiiisiii (jnoiiosod in Section 3 4) aie pic'sc'iitc'd Thc'sc' 
ic'.siills aie (■(iiiip.ifc'd with those loi the switch without headc'i ic^plac eincnit 
iiic'c'lianisiii (dc'scnlic'd in Sc'c-tion 2 4 G) The lesults aie basc'd on the coni- 
piilatioii iiiodc'l using dilleic’iit c-oinponc'uts in the loop desciilic'd in Chaptc'i 
1. This sliich locMisc'S oil thc> Signal to Noise Ratio (SNR) at the' oiitjmt 
ol the optical loop of the switch Initially a yeiy simplified foini of optical 
loo]) has hc'c'ii eoiisideic'd which doc'S not haye EDFA and loss due to WDM 
dc'iiiiiltiplc'xc'i iiinltiplc'xc'r and fibc'i aie nc'glec ted Latcn the c oinputational 
analysis ol loop is clone considc'iiiig all the c oinponents and thc'ii effete ts 


5.1 Broad Parameters of the Switch 

In this Sc'c lion some' ])aiam('t(n\s of switch which aie used m computation aic' 
prc'seut.c'd. 


) 
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5.1.1 Length of Loop 

111 ()i(l('i to liml dll' ortho loop wo iiood to know the followiii}^ 


Dal a rate = 2 5 G7;p,s 
Paijlondhizc = 48 bijfes 
H cadet .s7^o = 5 hijfcs 

'1 hoK' the < oils which fUC’ to Ix' stoied m tho fihei loop will be of "jB bvtos As 
,1 coiisociiioiK 0 lh(' length of loop should (oirc'spoiid to j3 bvti's (explaiiu'd 
111 So( tioii ■{ 1) \ssuiiiing lh(' K'hfUtivi' index of fibei as 1 1 th(' loop huigtli 
IS X 8) X (i ,< l()''^)/(2 5 X !()'’) a: 34 motois 

5.1.2 Wavelength Range 

'I’lio wn\olonglhs ns('d an' Ix'tweoii 1 523 /«/? to 1 535 fiitt The maximuin 
niiiiibor of channols can bo 5 because tho (hatinol spacing should bo at least 
2 Hill 

\s (h'sciibod in Si'ction 1 3 I tho gam of EDFA is diuialh dopoiident on 
the absoiptioii and tin' ('mission cioss-S('( tioii aic'a of EDFA at pump and 
sigmil waich'iigths It can bo s('('ii fioin Figiiio 4 5 that the absoiption and 
tin' omission cross-s('ct loii arc'a of EDFA is appioxiniatc'lv constant liotwc'c'ii 
tin' wavc'h'iigths 1.525 ////) to 1 535 //m and is taken to be that at I 530 ///// 

5.1.3 Other Conditions 

While' doing com])ulatioiial analysis no oHoit has Ix'eii iiiach' to limit tin' 
output pow('t l('V('l ('(lual to t,hat of input powcu- h'vc'l It is assunn'd that 
paeki'ts ill tin' dilh'K'iit chaninds aio input to loop snnultaiieouslv and taki'ii 

out simnltaiK'ouslv 


5.2 Coiiipiitation for the Switch when FOLM 
does not have EDFA 

It IS \(’i\ siini)lili(’(l foim ol t.h(’ loop It is shown m Fignu' "i 1 and j J 
Ilcir losses due to D('iniiltipl('xei, Multiplexei and fiboi of loop ha\ (' l)e('ii 

iK'Kh’cU'd Oiih f>ain ASE noi.so and < losstalk noise due to SOA has hw'ii 

(onsid('t('d I'liis coinpiiUtion is coiisideied onlv foi a siiigh' (haniK'l Tin- 
( oinpnt.at.ioii is doiu' lot liot.li cases lo loop with and without headei le- 
jilac euH'iit 



Fif^ure •') 1 Switch without EFDA and headei leplaceinent inedianisni 

5.2.1 Specifications 

With lelt'ieiKc to the model ol SOA desiiibed in Section 4 2. the paiametm 
of SOA used ai(' the lollowmg 
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o 2 Switdi With hc'adoi loplac eiiK'iit luec liamsm 1)ut without EDFA 


0 / 





7 


PQ ’ 

i " 

a. 

3 ^ 

c. 

3 

O . 


Without Hcadci Replacement Mechanism 


“■Input Powei = -10, -15. -20 dBm 


With Hcadci Replacement Mechanism 


i^Inpui Powci = -10, -15, -20 dBm 


_L 


10 15 20 25 

Numbei ol Rotations ~ 


30 


35 


40 


0 .'5 Out put powor vs lupiit, Powt'i for loop without EDFA and with 
Ol wil.houl lioadi'i 1 (’phu omoiit mocliaiiisin for difieieiit input poweis 


|oi ilidoK'iil iiipiil powois aftoi few lotations It is due to the fact that 
(losstalk noise soh'ly di'pcnds on the input jiowoi to SOA which bctoinc's 
same' alt Cl lew lotal.ioiis 

Fi}i,ui(' ■) (i shows Unit. Signal to Noise* Ratio (SNR) is considc'iablv lowc'i 
loi loop willi iieadc'i K'plac ('inc'iit inc'chanisin Obviously it is due* to nioie 
noise gc'iK'i.ited loi loop with hc'adei rc'idac (’inent niethanisni Also foi loop 
with hc'adei leplacc'inent nic'chaiiisin. the SNR becomes appioxiinatelv same 
foj diflerent input jioweis aftc'i Ic'W rotations. It is so bc'cause ciosstalk noise* 
IS moie* ptoinni<*nt than ASE noise* m this case* and beconic's same* (Figuie 
■)) afte*i fe*w lot at ions 

Figuie* .’) 7 shows that ASE noise is ciuite laige iii c ase of Ic'ss input powc'i 
Obviemslv it is due* to t.lie* fae-t that at lowe*i input powen the* ASE noise* fioni 
SOA IS moie* h'lguie* o 8 shows that SNR foi lowei input powe*i is le*ss than 
that foi liighei iiijuit powei The same can also be eone*lucl('el horn Figiiie* 
.") 7 Figure* .“) 8 shows that SNR deeie>ases faster with me lease* in numbei of 
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I‘'if;ui(' 1 \SI', iu)is(' VK Nnmboi of Rotations foi loop withoul EDFA and 

with oi without licadci K'placc'iiK'nt iikh hanism foi diffeient input powius 



FigiiK' 5."). {’rosstalk noise vs Number of R,otations foi loop without EDFA 
and wit,h headei i ('phu eiiK'iit ine( liaiusin foi diffeient input poweis 


GO 






.') () SMI vs of Rotations loi loop without EDFA aiul witli 

oi wiilioiit lii'iidor i('i)l<u‘('iu('iil nu’chauism loi (Uffeii'iit Input poweis 

lotations foi loop with luvuloi loplai {'inoiit iiK'diamsm 


5.3 Clouiputation for the switch when FOLM 
has all components 


'riic (liai^i.uii foi this ease' aio shown ni Figiiio 2 12 and 3 i Hoio the hual 
coinputatioii h.is boon doiK' lor loop with and without iKvuh'i leplacoiiK'iit 
HU'chaiiisiu IbMc loss due to D('Uiultipl('X('i . Multiploxei and hlx'i of loop 
has b(‘(Mi ( ousid.'K'd But tlu' ciosstalk noiso duo to domultiplcxoi has bei-n 
ncgh'cKsl. 'riH- gam and ASR noiso of EDFA has boon ( ousuh'u'd 


5.3.1 Specifications 

Following tvpi( al values of various paraiiu'tois aie uw'd m (oniputatioii 


Ci 



ASE Noise idBmi 



lM};ni(’ "i.T \S1'- noihc v,s. Input Powi'i toi loop without EDFA and with oi 
wilhoul hciidoi K'placi'uu’ut mochaiiisiu loi diflpieiit lotatioiis 



Fillin' 5 S SXH vs. Input jiowor foi loop without EDFA and with oi without 
lu'iuh'i roplai ('UH'iit iiK'cliaiiisiii for diffoioiit input powpis 
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1 LossdiK lo Dcimilfiplcici = 3 0 X 
■J I.oshdut lo M iiltrplcici = 35 X [log^.V] 

.) h'lbci /nss = 0 2 (IB pci Lm 
I KI)K\ 

fi ) I.< lu I 2 I a level 1 fi (i,nhit't.()v haiie r = 0 01 .s 
b) \lo(l( Kidni.s = 2 5 X 10“'’ ni 
( ) Spill -s/'.f a,’ - 3 2 X 10“'’ III 
(1) I)( ii^ilt/ = 2 0 X 10'^' pel iii^ 

(>) Spoiil(iiieoii'< eiiii..ssi.()ii noise faitoi ii.,^ = 15 

f) Piiiiippotvei tv(iveleii(jf}i Xj, = 1 44 pm 

g) I iipiil pump poioei — IG 0 dBm 

I siiifi, I lie f(ti mulatum as (1('S( libpd in Cliapt.ei 4. the lesiilts aie ( oiuputecl 
111 okUt to aiialvsi' tlu' noisi' generated within the switch the input ASE noise* 
and crosstalk lor (vich clianiic'l is assmnc'd to be iccAo Also iiiitiallv the input 
jiowc'i to <dl chaiiuels is ke])t same. In such cases the output powei ASE 
noise and ciosstalk noise* loi cUflc'ic'ut cdiaimc'ls vaiy vc*rv slightlv 

5.3.2 Observations 

As the* iiuiubei orcliannc*ls incic'asc's. the loss clue to Dc*inultiplc*xei and Mul- 
tiplc'xei iiic lease's sigiiifie-antly Aftc'r excc'c'dmg a cTitam uumbc-'i of e-haiiiie'ls 
tins loss IS too nine h and can not be c'oiupc*nsatc'cl with gam of SOA In 
the* e asc* of loop without hc'adc'i ic^plac c'lnc'iit mc-*chdnism such situation aiis- 
es whc'ii the nuinbe>i of c'haiinelH is moic* than foiii Since loss iii the loop 
with hc*aclc'r ivplae I'lne'iit mc'c-hanism is inoic*, number of c-hanne-*ls c an not ex- 
e-c'c'd two. rneli'i thc'se* e-iicMimstane os it is necc'ssarv to use the EDFA winch 
ultimatc'ly e onip('usatc*s the le)ssc*s and moie numbei of channeds can be usc'd 

* See S(*e t loll 1 ‘2 
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1 li(' K’Siill ()[ ( ()iu])nl,a1,i()ii lias liec'ii pic'seiited m the foim of 
II(’i(’ ontpiil p()\v(*i ASE'CT noise' and SNR has lieeii plotte'd vs iiuiiiIm-'i 
(){ lotat.ions input ])o\v('i and EDFA Ienf>th Giaplis aie of two t\p(-'s. fust 
when input powe'i to all (hannols is saiiK* and socond when input powc'is to 
all ( hanncls is dide'U'nt In fiist taso tlioio aio three kinds of f>iaphs In hist 
kiiul oiitiuit j)()W(*i ASE CT noise and SNR has been plotted with k'six'ii 
to iiuinix’i ()l lolalions In second kind thei an* plotted with lespe'tt to input 
powei and in thud kind with lespect to EDFA length 

5. 3. 2.1 When Input Power to all Channels is Same 

(iiaplis Iroin l''igiu(' 5 <) to Figuie o 32 aie iiiidei this categoii 
Output Power, ASE/CT Noise and SNR vs. Number of Rotations 
(Jia])hh Ik nil Figiue o 9 to Figuie 5 14 aie of this kind Tin* olisei ration 
lui tli(' difleK'ni giaphs aie following 

Figuie ■) 9 shows t.he output powe'i levt'l foi different input powei levels 
loi loop with and without lu'adei leplacenieiit uiedianisiu. It shows that 
alt('i lew lotations the out])Ut powei level leadies to the same level iiiespei- 
tive ol input iiowei level This Output iiowei level is lowei foi loop with 
headei leplacenienl niedianisni than that foi loop without lu'adei lejihui'- 
iiu'iit inechanism It is due to the fact that loss in th(' looi> with heaih'i 
K'placi'iiient ineclianisni is iiioK' Figure o 9 also shows that foi loop with 
headei replai eineiit inechanisni if input jiower level is —10 (IBiii then output 
powi'r le\el is h'ss than that Figure 5 10 shows that ASE noise foi loop 
with headi'i replaceiiK'iit niedianisni is. in geneial, iiioie than that foi looj) 
witlioiit lii'adi'r replacc'iiK'iit inediaiiisin. Also ASE noise is iiioie for lowc'i 
ininit iiowei Foi —10 (IDni input powei the ASE noise in initial few rota- 
tions is less Ibi loop with headei leplacemi'iit niedianisiii than that foi loop 
without iK'adei rephu einent mediamsni The leasoii for this is that for loop 
with lu'adei K'placeiiK'iil niechainsni tin' loss is large enough to snppiess tin- 
ASK noisi' in initial lew rotations After tlu'se few rotations tin' ASE noisi' 
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,i>('ii('tal('(l itsi'lf l)('<()in(\s Figuro 5 11 shows that ASE iiois(' is iifou' 

limn ciosslnlk n()is(' loi loop with heaclei iopla( emeiit mechanism which is 
( ontian to ( one Insioii of Figuic' 5.4 and Fifi!,mc' o 5 It is diu-^ to iiioic' loss m 
I Ilc' loop 
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•") ^ )ut|)ut P()\V('Z V.S Nuinlx'r of Rotations foi loop \\ ith and \\ itli- 

,)ui Ih'adoi If(‘i)liu('iii('iit Mc'dianism foi diffoiMit input powois 
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Without Hcaclci Replacement Mechanism 


U \ 


' -20 — Input Powci (dBm) 


^-10 


With Hcadci Replacement Mechanism 


-15,,.^- 
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Channels ' 3 
EDFA length 20 m 

j I L 


6 8 10 12 
Numbei ol Rotations 


14 


16 


IS 


20 


IdRuro -).12 sliows that SNR fur loop without headoi lephu ('iiient mt'dia- 
iiisin IS siRiiifii autlv ition' than that foi loop with lieadei lephu iwiit mc-'dia- 
nisiii .\t I h(> saiiic t iuK' tho SNR foi loop with Imadoi loplacFineut met hamsin 
IS not v(>r> low and wit.li th(> ciitmon of luininmin SNR to lx- 10 dB. this 
loop < an Ix' used to sioiu 3 diaunds ovoii foi moie than 20 lotatioiis 

lMf.nv(> .') i:’> shows t.hat for 5 diaiiiK'ls, tho output powen levels aie ciuite 
low foi l)olh kind of loops Also the output powei level deeieases aftei (>a(h 
sucressivi- lot.ilious. It is so Ix'cause the ASE noise geneiated in this (<tse is 
siRuilicauIlN huRe FiRure T, L 4 shows that tlx- SNR is also low foi both loops 
and wit,h the iiiteiion desenbed above the loop with headtu lejilac eiiu-ut 
UK'diamsin < an b(' usi'd to store 5 packets onlv foi 4 oi 3 lotations 
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With Hcadci Replacement Mochamsm 
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!-i,",iiit' •‘i.m \S1', iKH.st' powt’i vs juiiiilx'i of rotaliDUS foi looi)S with and 

willioiit Iic.kIci icpliK ciiK'iit iiK'chanisiii lot difft'K'ut input powois 



!*'iti,ur(' ■ 
for loop 


).l !• \S1-', iioiM' powtT and Ctosstalk noise vs Nuiiilx'i of Rotations 
wifli iK'.idei n'plact'iiK'ut nu'chaiiisiii foi difleiriit input powei levels 




l''ij!,iii I S\|{ \s. XimilK'i of I^)t.ati<)ii,s willi aud without. iKMclei loplaco- 
lucni mcfli.uiiMii Ctii (lilloH'iil input powi'i Icvi'ls 



KiRiirc 1 Out put I *<>W(>r vs Numix'i of Rotations for loop with and wit hout 
header replaec'iiieiit meehanisiii for different input power levels 
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:».l 1- SM{ \s Nuiiilx’i of Rotations foi loop with and without hoadoi 
u'lilacctiKMii luocliatiisin for dillmnit input powoi levels 


Output Power, ASE/CT Noise and SNR vs. Input Power 
( daplis liniii iMi’iiie o IT) to Fif^ure o ai(' of this kind 
i'i^uir ■> I .ukI o.lti shows that output powei levels of the loop with and 
Wiihnut head.M I eplaceiiieiit niediauisin does not vaiv mueh with the ( han^e 
in the ini>ut pnwei ((.hviously it is tlu' case after 5. 10. oi 20 lotations In 
the initial leu k it at ions it varif'S siRuilicantly for diffeieiit input poweis as 
,n,lieate<l lu t iy.uiv and FiRure:).13) But it changes veiy siRiiific ant Ivfoi 
change in (he niinihei ofthe <'haiinels. Alsoloi loop with headei leplaienient 

nnshanisin the output power h : faster The same was also < om hided 

Iroin Figuie ’i.O and Ihgun' o.ld 

l-iRUiv - 1 . 1 7 mul l-iRun' .7.18 sli.iws tlial tlio SNR ™ies iui.k' sigmhrautly 
r„i 111 ". ..Iiiiiif,.. in iiiiml iinwi.v wilh lens immbn of i-lwuiirfs It iMiipnii. 
I„.,.|I,.|,.. I'u,. i..s.s ,inMil„.|- orolumncl.s, l.lii. .l.H.mi.s,. ui ASE uois.. ivitl. ma(.,i.a.. 

„r II, pill ISM •I'lirei.hRUire.aso shows that (U'liMW ill SNR tvitl, 

i,„.,„as,. in nnnil.,.,. of rotiitioiis is mo,., hn Icmp 'vlth hea.l... lopla. en„.nt 
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.20 -IS -10 

Iiipul Powei (dBm) ^ 


lM]L»uir T).!:)* ( liuput i)o\v(‘r vs Input pcnvoi Ibi loop with IkmcUo leplaccuin'iit 
inoohnuisin Ini (lilloroiit (‘InuuH'ls and rotutious 



KigiiK' .-J.lf)- Uni pin Tow*'! vs Input Powi'r tor loop without hoadw lopUo- 
iiK'nt iiu'fluiuistu lor dillon'ut nimilx'i of lotations 
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iiK’cluuiisiii \ls() the loop with hoadoi loplaipnii'iit mochaiiism can't Ix' 
nsc'cl to HloK' ■) packc'ts foi .j oi moic* lotatious 



I'‘ig,ui(' o 17 S\|{ v.s Input Powoi foi loop with hcvulcn ic'plac c'lnc'nt inc'clni- 
nisin (oi (lidc'icMit nnnihc'i ol c haiinc'lH and lotations 

•') 1!) and Fij^nrc' o 20 shows tluU output powc'i level chaiif’c-'s sigiiif- 
i< anll\ with ItDl-'A lenj-th Also for siiiallei EDFA Icuigths (and less numbt'i 
of foMlions) till' output powc'i Ic'vc'l change's moie with the change-' in input 
linwc'i It happc'us siinplv bc'causc' of the facd that foi sinalloi EDFA Ic'iigth. 
Its gain IS low. Figuic' o 21 and Figuie o 22 shows that ASE noise foi loop 
with hc'adc'i ic'plac-c'inc'ut iiic'chaiiisiii is laigc'i and it decic'asc's with increase' 
in iiiiuit powc'i But the' latc' c)f decrease of ASE noise with me lease iii input 
power is more' [’or Ic'ss iiuiiibc'r of lotat.ioiis It is due to fact that soine nc'w 
.VSl'l noisc' is addc'd aftc'i c'ac-li rotation Tln-'se figures also show that dc'c icmsc' 
ol ASE noise' w itli incuc'asc in input iiowei is Ic'ss foi loop with licMdc'i ic'jilacc'- 
nic'iil iiic’c'lianisui t.han l.liat foi loop without hc'aclc'i ic'jilac eiiient nic'chaiiisni. 
h IS so bc'causc' the' loss iii the loop with hc-adei rc^plac ement iiiechanism is 
iiioic' and lii'tic'C' the' g<un and ASE noise of loop s c oiiiiioiic'iits is iiioie 
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FigiiK' 

anisni 


r ' 'Without h(M(lei leplacMiipiit ui(>( 

loi (lilIcK'nl < liauiK'ls and rotations 


li- 



Fi^nn' 5.1!) Output powoi vs Input Pow(>i loi kjop with headi'i i('plac('nipni 
incchanisin for dittc'roiit EDFA loiigths and rotations 
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•") i() output ])(nv('i vs Input, Pouvi Ibi loop without IkvuIcu lophuo- 
mciit uK’cluuiisiii loi (lilierout EDFA lengths and lotations 



Kigtiu' -I’il- ASE nois(' vs Input Powei loi loop with headc'i K'placi'iiK'ut 
moclimiisni loi diflc'nnK EDFA lengths and rot.ations 
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~).2'2 \SE uoisc' vs Input Powci foi loop without headci lephu eiiK'ut 
iiK’cliHiiisni loi (hl[('i('iil EDFA lengths and lolations 

I'lguK' •') 2.') <uid Figuu' 0 21 shows that SNR iikkmsos sigmhcanth with 
iiK lease iii luimi powi'i It d(H leases w'lth iiu ic'ase in niinibei ol lotatioiis and 
ineieasi's willi ukkmsi' in EDFA length The efiect ol iiiiinbei ol lotalioiis 
IS pioniineiit <il highei input powei and the etleit ol EDFA length is pioini- 
ueiit at lowei input pow'i'i (It is inoie so loi loop w’ith heach'i lejilac enient 
UK'elianisin). It is because ol more gam ol EDFA at low'ei input pow'i'i 
Output Power, ASE/CT Noise and SNR vs. EDFA length 
Kigiue ~).'2~) shows that output poivei altei "> lotatioiis iiu leases with ED- 
FA h’ligt.h This ('Ih'ct is inoii' pioiiiiiK'iit loi thi' loop with licMdei leplaci'- 
UH'iit nieclianisiii. It is diK' to more loss in the loop Also as the EDFA length 
iiK K'asi's till' output powei Ibi dilleient input pow^eis bei onies appioximatelv 
sanu' Figiiri' o ’iti shows that the incieasi' of ASE noise with EDFA length is 
also iastc'i loi loop with hc'adei rejilac eiiK’iil mediamsni TIk' kmsou loi this 
IS again nion' loss in loop with headei lephui'ment niediamsm Figuie "i 27 
shows that Idi loo]) with lu'adei rc'placeim'iit iiK'diaiiisin the (losstalk noise 
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-15 

Inpul Powei (dBm) 


iMf^uK' .) 2.) SN'H vs Input Powei ioi loop with Hprulei lephu ('uieut 
msin Coi (lidoKMit ICDFA leimths and lotations 


iiiei ha 


EdFA length 30 m , , - 


5 Rolations 

' Oio Rota 

^ - 0 - ^ 

^ '' 20 Rotations 


^ons_ ^ 2 - ^ 



Channels 3 

Without Hcadci Replacement Mechanism 


Input Power (dBm) ^ 

Figtirt' 5 2-1 SNR vs Input Powei for loop without headei leplacement 
in('<-haiiisin foi EDFA lengths and rotations 
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1)('<-()111(>S ai)i)i()\uuat,('lv samo as EDFA lauRtli incieasps whih' ASE noise iv- 
iiiaiiis siRinlK aiitl\ diilcK'nl It is so !)« ause ciosstalk noise is a diiei t lesnlf 
of output powei and output powei heioines appioxiinateh same as EDFA 
llMIRlll UK 1 ('uses 



FiRUie •") 'J') Output powei vs EDFA length foi loop with and without 
h(‘ad('r i<'plae<'iu('ut iik’c hanisin foi diffeienl input poweis 

I'’igure ') 2iS shows t.liat. SNR roiiiaiiis difleieiit inespei tive oi EDFA length 
foi both (as('s i e for loop with and without header replaceiiu'iit inediaiiis- 
ni This effect is due to ASE noise (beiausi' (wen iii the loop with header 
K'plaeeiiK'iit iiieehaiiism ASE iioisc' lemains doiiiiuaiit over crosstalk noise. 
I'C'fei to FigtiK' .") 27). Smcc’ SNR icmiaiiis more than 10, tlu' loops can be 
used with any I-IDFA h'ligth iiioie than o meters 

I‘'igui(’ •”) 2!) shows that out])ut power level after 10 lotations me revise’s with 
FIDFA le'iigth but it leniiaiiis same fen diffe’ie'iit input peiweis m/. -10 dBin. 
-IT) (ID in and -20 (IDm At the same tune’ one can obsc’iA'e fioin Figuie’ 
') 30 t.hat thc’ SNR ic'iiiaius ditfeicmt even though it also iiRieasc’s with EDFA 
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Fif-IIK' .■) -Jf)- ASK noiso vs EDFA longth tor loop with and without IkmcUu 
1 ('placciiK'iit iiiccliaiusm foi diffoiPiit input poweis 



Figiuc' 0.27 ASK ijoisc' and Ciosstalk noise vs. EDFA length ioi looj) with 
headei K'phu (uiK'iit iiiechanism for diHei('iit input poweis 
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igurc 5 2cS SXH vs I®FA longth foi loop with and without, heaclei leplai ('- 
incut iiicchfUiisiH {()i (lilforciit iiijiut powi'is. 

h'ligih \giuii this IS diK' to ('fleet of ASE noise 

Kigiuc 'i;')! sliows that as the niinibc'i of (hannels incieas('s tlu' output 
power (h'cK'ases mid elfi'ct of EDFA hnigth lic'ctmies sigiiifn ant, It is basic alU 
diK' to luoie loss 111 t.lie looji This (^fh'ct is ch-'ailv visible toi the ease ol 
tliiec' ehauiiels in the looj) with and without lic'adei leplateiiK'iit mechanism 
higiiK’ 5 dj shows that, loi larg(' number of channels the SNR is v(u'v low and 
in ea.se of loo[) with In'ader leplac ('inent nu'chanisin ('ven the laigtn EDFA 
h'ligtli do('s not iiiak(' ('iioiigh compi-'n.sation foi lo.s.s(^s Hence the looj) with 
headc'i leplaeenienl, iiK'chaiii.sm can’t be u.sed foi 5 oi inoie channels 

5.3.2.2 When Input Power to all Channels is Different. 

(lra])hs from FigiiK' 3.3 to Figure 5 36 aie undei this categoiv 

Figiiie ."id”) shows th(' output powei vs numbei of lotalions whc'n dif- 
feK'ut, pow('i is S('ut to diffi'K'iit chauuc'ls It shows that in this <a.s(' also 
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I‘’if;ui (■ •") 2*) ( )ul pul, Powt'i vs EDFA length foi loop with and wilhout headc'i 
i'<‘pl.ic<Mn(’Ul iiK'chanisni tbi diffeient input powois 



Kigme 5.:i(); SNH vs BDFA length foi loop with and without lu'adiu leplac-e- 
iiK'Ut uiechaiuKui for diffeient input poweis 
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Oiiipul Power iJBm* 



I’’iV,ui(‘ ■> .■) 1 ( )ut put p()\v('i vs EDFA length foi loop with and without horulei 
rupl.icumciit luccluuiisiii foi different ihuiiIk'i of fhannels 



l-’iguie od-i SXH vs. EDFA length foi loop with and without header k'- 
placenii'iit niechanisin foi diffeient uuinbei of diminels 


79 



(he otil.pul powi'i |('ii(l to coiivoigo at saiiu' IpvoI It is easih visilile foi th(' 
loop without licadci n'phu ('uioiit m('< hauism Obviously, due' to iiioip loss 
t h<’ out])iil jiowf'i k'vi’l ill < asp of loop with lipadpi rpplacpiiK’iit iiu't liaiiisiii 
IS low('i than that. loi loop without lipadpi ipplacpiiipiit iiipc liaiiisiii Figuip 
• ) .>1 also shows that tlip ASE iioisp for tlip chaniipl with Ipss input powpi 
IS inoi(> It IS du(' to iiioK' gam and Ikukp inoip ASE noisp of SO.A Afti'i 
l<'w rotations tlu' .\.SE iioisp for loop with lipadei rpplacpiiipnt iiiei hanisiii 
1>(’( oiiK's iiiotp than that for loop without hoadpi ipplaceinpiit iiiPc liaiiisni In 
t ho initial rotations (or —20 dDiu input powpi tliP ASE noise* is uiok* foi loop 
\Mlhont liPadpi H'plae ('iiK'nl nipphanisiii than that foi loop with ipplai PiiiPiit 
i!i('( h.uiisni. 'Fill' K'ason foi this is that wliPii sum of powpis of all chaniipls 
IS input to EDI'A., tlu* ('ffp( tivp gam foi tlu* chamipl of Ipast powe'i is vpi\ 
small. 'Finis tin* ( hauiipl of h'ast powor is amplihod pffpetivplv onlv In S().\ 
wide li conipe'iis.ite's ddh're'iit lossps in tliP loop —20 dBni is tin* Ipast powi'i 
among all (in* chaniH'ls Ik'IP .As a lesult tlip signal iPinains vpiv low and 
large* .\SE neiise* is pre)elue‘e*el pve'rv tiiiip. and thus ASE noisp fen this clianiipl 
rise*s ve'rv fast liul afte*i fe'w leitatiems l.lip .ASE noisp foi loeip with lipaele*! 
re>plae-e*mi*ii( ine*e hanism be'e-emie'S moio 

F'ignie* slieiws t.lial^ eieisstalk iiense* is quite* Ipss than .ASE nense* fbi 
difr(*re*nt < haiiiie'ls eif leieij) with lieaden iPi)lae-e*me>nt me'clianisni It is be*tause* 
of the* sigm(ie-,uit hiss m the* leieip .Alsei fen (haniipl m wliieli input powe*i is 
le*as( (e-haniie*l 1). the* .ASE nense is highe*st and enosstalk nensp is le)we*st It 
IS some*thing e*\pe*e'(e*el as pe*i tliP e*xplanatienis giveni e*aihe*i 

I''igine* r)..5(i slieiws that SNR fen (•hanne*ls with iiiene* input penve*! is iiiene 
( Ibviouslv SNR is iiieire* foi leiop withenit heiaelei xpplate*memt nie^e haiiisiii than 
that fen leio]) with hpaele*r ie*plae e*ine'nt me*ehamsni Cl(*ailv if input penve*! of 
<1 e'hanne*! is too lenv the*n it. evui’t be nse*d m loeip 
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I) 2 4 6 8 10 12 14 16 18 20 

Numbci ol Rotations ^ 


I'M^itn’ -■) .i;’)' ( )iit,i)ut powoi vs Numboi of lotaUons foi loop with and without 
hoador i('])lac(>iii('iil itiochauism for difft'ic'iit input powoi to (.haiiiK'ls 



Fif>ni(' T) :}4 ASE iioisc' vs Number of lotatioii for loop with aud without 
ht'adt'i rt'plai euieut, uiechauisiu foi diffeieiit input poweis to channels. 


81 





0 2 4 6 8 10 12 14 16 18 20 

Numhci ol Rolalion.s ^ 

I‘’i) 2 ,ur(' .") \,SK uoisi' and Ciosst.alk iioi.si' vs uumht'i of lotalioiis foi loop 
willi 1 i('}h1(’i n'plac ('iiu'iit nu'chamsm foi diffeiont uiput powei to chauiuds 



Figun' 5.3(). SNll vs Numbt'i of lotatioiis lot loop with and without headei 
rcplacc'iiK'ut uu'chanisin foi diff('ieut input powei to (haimels. 
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5.4 Conclusion 


Tins woik piopoKC's a (Ic’Higii to I any out IuvuIpi leplac omciit witliiu an all- 
oplual packc'l switch A WDiM optical switch based on filx'i loop luciiion 
Inis l)('('ii considcK'd toi this puiposc The lieadei icplaceiiK'iit is done by 
usiiip, liWo S( ) \s 111 parallel foi which a special design of ATM ccdl ha\iiig 
( cmlinuoiis wave' as wi'll as guard baud is taken The gam and noise anahsis 
ol the' switdi with and without lieadcn ic'placc'inent ineclianisiii has been 
(allied out using iiiatlic’iiiatical iiiodc'ls 

\s discussed iii pn'Vioiis Sc'ction, the pcufoiinancc' ol the loop with lieach'i 
replacc'iiieiit iik'c hanisni is poor than that of loop without headc'i leplaccnnent 
luechanisiii Hut the' loop with hcMclei ic'placeinc'iit nic-chanisin can be used 
without aii\ problc'iii foi 2. 3 or 4 channels In geiicu-ah iiioie than 3 oi 4 
lotatioiis <ii(' not. iieedc'd for the switch based on FOLM Hcnice pioposed 
dc'sigii can bc' used suitaldv not onlv foi 2 3 oi 4 channels but also foi 3 
(haiiiiels 'File advaut.age of this design is economical in tcuins of saving of 
OIK' S( )A foi ('ac h t haunel The loss is in tc'inis of c oiiiplc'x contiol mechanism 
\lso Ihc'ic' IS no saving in t.c'ims of time Sinc-e eveiy cc'll will have to make 
at Ic'ast, one' lotation the- cc'lls in the pioposc'cl dc'sigii will get dc'laved bv the' 
duration of one < c'll. While in case of sepaiate hc'adei ic'placc'nic'iit iiic'chanism 
ll„. dela\ would lie h'ss (c'ciual to that ofcluiation of guaicl iing and headc'i) 


5.5 Future work 

\s ('xt.c'nsiou of this woik, the tinimg analvsis and dcwelopmeiit of cdectionn 
control of the luopos.'d clc'sign can be done' Also some assumptions which 
„,,,ac' 11 . c ou.putat,ional analysis c an bc' done awav with Most niipoitant 
.uuong thc'iu is t,hc' assumption that packc'ts are input to diffc'ient channc'ls 
siiuultanc'ouslv .ind taken out snnultaneouslv Computatumal analysis can 
!)(' clone ten the case when packet to diffc'ic'iit chaunc'ls aie input at diffc'ic'iit 
slots and takc'ii out at different slots Also the loss and crosstalk noise due 
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lo \\’D]\I (h'liiult.iploxci can Ix' nu oijxnated 

\s liirllxM cxlciision oftlio alxm* piol)l('ni tlio computational aiialvsi.s c an 
!)(' doiu' loi s<'\(‘ial switch c ouuec ted in succc'ssion In tact while develoimij^ 
tlic' coiupiilalioiial modc'l (softwaie piogiaiii) foi this thesis uoik. this issue' 
was coiisidc'ii’d and the' dc'vc'loped iiiodcd can he easilv extemded tbi switc lie's 
e'oiine'e'te'd in suee-essiem 
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